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CARL IVAR SANDSTRÖM 
From the Psychological Laboratory, University of Stockholm 


Previous studies on visual and tactual-kinaesthetic perception with head tilted sidewise 
have shown that the greater deviations are to the left, i.e. the adjustments of a 
luminous line or a pivoting rod tend to fall counter-clockwise to the perpendicular. This 
paper shows significant sex difference in tactual-kinaesthetic perception only. Men and 
women show similar and small deviations to the right with head, tilted to the left but, 
with head tilted to the right, women show clearly greater deviations to the left. The 
discussion of the visual perception of verticality (the so-called Áubert phenomenón) has 
been confusing. Our results in the visual experiments show small deviations, and they 


BsUPPort Aubert’s statement. A ý% 
; ie Se RON 
INTRODUCTION 
The research work on the basic problems in this paper originates in a study by 
Aubert (1861). He stated that a true-vertical ]uminous line observed in a dark room 
swith head tilted sidewise appears to be displaced in the laterally opposite quadrant. 
1f we let a subject with head tilted adjust such a luminous line from a certain position 
oi deviation to the apparent true upright, Aubert’s statement implies that the 
“luminous line will be moved to the same quadrant as the tilt of the head. 
. In two recent independent papers (Sandström, 1952; Wapner & Warner, 1952) it 
' has been shown that the corresponding tactual-kinaesthetic perception of verticality 
‘is opposite to this so-called Aubert-phenomenon (or A-phenomenon). 
In this paper the stress is laid upon sex differences. Such differences have pre- 


' viously been demonstrated within the opto-kinaesthetic field by Sandstróm (1953) and 


in related fields; especially by Witkin, who gave a detailed synopsis of his results 
in 1954. 
* II 
APPARATUS AND PROCEDURE . 
When studying the tactual-kinaesthetic perception of verticality the task is to adjust 
a rod, pivoting at its centre, to the apparent upright by using the hands as tactual- 
kinaesthetic media in an absolutely dark room. Subjects are asked to move one of the 


hands or both of them up and down along the rod, lightly held between the thumb and 
the other fingers. The apparatus employed is previously described and reproduced 


öm, 1952). - x H 2 Š T A 
(ee ERE on visual perception the same apparatus was used with this 


modification: Of the 38-cm-long metal rod to be used for the adjustment to the upright, 
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31 cm was painted with luminescent paint which gave a very distinct light in the dark 
room. The unpainted part at the bottom of the rod was used as a handle for the subject 
during the adjustment. 

Thus, the same psychophysical method (method of reproduction) has been used 
throughout all the experiments. 

In both types of experiment the subject's distance to the rod was about 50 cm. 

Experiments x and 2 dealt with tactual-kinaesthetic perception. The task was carried 
out under three conditions of head position: (1) head upright, (2) head tilted 30? to the 
right, and (3) head tilted 30° to the left. The adjustments were carried out with: (a) only 
right hand, (b) only left hand, and (c) both hands simultaneously. Thus, the subjects 
were tested once in each of nine conditions. 

The only difference between experiment 1 and 2 was the initial position of the rod. In 
experiment r this position, kept constant for all the items, was 60? to the left, in 
experiment 2 it was 60? to the right. , 

The number of the subjects in experiment 1 was sixty of each sex, and in experiment 2, 
thirty of each sex. 

Experiment 3 dealt with visual perception. There were four conditions of head 


position: head tilted, (1) 30? to the right, (2) 30? to the left, (3) 45° to the right, and. 


(4) 45° to the left. The position with head upright was omitted. 

The subjects, thirty of each sex, were instructed to use the best hand for the adjustment 
of the rod. Each variable was tested four times; thus altogether sixteen measurement 
were made. The initial positions of the rod (60° to the left and 60° to the right) were 
rotated in the sequence ABBA BAAB and half the number of the subjects (men and 
women alike) had to begin with head tilted 30°, half the number with head tilted 45°. 


III 


RESULTS 
The tactual-kinaesthetic experiments. 


Tables I and II show the results of experiments I and 2. They confirm the general 
findings from the two studies referred to above: in tactual-kinaesthetic perception 
the rod is generally adjusted to the opposite side of the tilt of the head. 

All the differences between right and left tilt of the head are fully significant. In 
Table I, CR computed from a for the individual differences of the results between the 


TABLE I 
TACTUAL-KINAESTHETIC PERCEPTION WITH ROD INITIALLY SET 60° 
(EXPERIMENT 1). THE PLUS SIGN INDICATES HERE AND IN THE FOLL 
A POSITION CLOCKWISE OF THE TRUE UPRIGHT 


Position of Head 


TO THE LEFT 
OWING TABLES 


Upright 30? Right 30° Left 
M o M a M c 

ge Right hand.. «id — 0:97 2:82 = 2:69 3:16 + 045 3:19 

Eq Lefthand .. -|^— 1:57 | 316 —320| 3-87 +042 | 3-58 

PA Both hands. . | — 15 | 3:20 — 2:50 | 4-08 + 1:83 | 413 

g Right hand.. e| —r08| 2:95 — 2.08 | 2:3; | — 0o17 2.99 

t || Lefthand .. ..| — 0:90 | 2:40 — I*70.|2.3*55 +014] 2:63 
z a a 

Both hands. . .+| + oor 2:55 — 1.06 | 3:09 4 1:85 3:09 
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TABLE II 


TACTUAL-KINAESTHETIC PERCEPTION WITH ROD INITIALLY SET 60° TO THE RIGHT 
3 (EXPERIMENT 2) 


IL ———————————————————————ÓÓ—— 


Position of Head 
Upright 30° Right 30° Left 
M c Fr M c M c 

Qo Righthand.. ..| —o-79 | 241 | —359 | r74 | +33 | 313 
E | Lefthand .. ME oa | 2:83 | —315| 381 | -tr39| 3:94 
PA Both hands.. @ ..| +053 | 294 — 2:45 | 4:39 +179 | 2:28 
ò Right hand.. ..| — 091 2:20 — 2:03 I'91 + 0:58 2:75 
ay Left hand .. e| —023]| 302 —1319| 407 + ro | 3:26 
call Both hands. . | +043 |. 2°83 — 085 | 351 +1.31 | 274 


oo NUE eee ee eee ee M i O 


tilts of the head are as follows: Female subjects (the right hand, etc., in the sequence 
of the table), 8:24, 8:52 and 9:40; Male subjects, 6:62, 7:11 and 10:42. 

The correlations between the right-tilt and left-tilt of the head are significantly 
positive for all hand variables. The coefficients (in the same order as above) for female 
subjects are 0:57, 0:63, and 0-62. Male subjects: 0:66, 0:83, and 0-75. Coefficients of 
consistency have earlier been reported in related experiments (Sandström, 1951, 
p. 88 ff.; Witkin, 1949 (D), p. 156 ff). It is probably justifiable to consider the 
coefficients given here as particularly remarkable since they are based only on a single 
measure of each of the variables. Both our own earlier values and those obtained 
by Witkin are based on several measures of each item. Thus, a consistency in the 
performances seems to be established from the beginning of the trials. This may be of 
some interest for the further theoretical discussion. 

The effect of the changed initial position of the rod is not great, as is shown in 
Table II. The average differences in results between the right-tilt and left-tilt of the 
head have been slightly increased for both sexes and the means of the results from 
upright position of the head are nearer the plumbline, but not in a significant way. 
Predominant deviations to the left, with head upright, are previously reported 


(Sandström, 1952), and this holds good also for visual perception (Neal, 1926). 


: If we consider the tables from the viewpoint of sex differences, we see that the 
differences in the results between the right and the left tilt of the head are greater 
throughout for the women. These differences were obtained by calculating the 
distance between the mean values of each of the three hand variables. For example 
for the right hand in Table I (— 2:69°) + (+ 0:45*) = 3.14°; (— 2:08?) — (— o7?) 
= 191°; (314^) — (r'91*) = r23*. 


Right hand Left hand Both hands 
Table I ney sz 1:78? 1:42? 
Table II Lc eS To 2:25? 2:08? 


The figures may be taken to indicate that the tactual-kinaesthetic phenomenon 
with which we are dealing here is more pronounced in the case of women. CR for 
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the differences in Table I are 2:52, 3:61, and 2-59, ø being directly computed from the 
individual differences between the two tilt variables under discussion. 

Do these greater differences for women deviate equally to the left and to the right 
of the corresponding male values or is it possible to observe a deviation in any particular 
direction? We may point out the general predominance of the negative values also 
reported by Wapner and Werner (1952). Here this is shown very markedly in the 
female results. Only for the right hand in experiment 1 does the greater female 
difference deviate equally to the left and to the right (— o'61? and + 0:62? = 1.23). 
In all other cases the larger part of the difference falls on the negative side, and in two 
cases (both hands in experiment 1 and the right hand in experiment 2) both the 
compared value italicized figures below, fall to the left of the corresponding male 
results. The figures show how much the female subjects deviate to the left of the 
male subjects. 


Right hand Left hand Both hands 
Tabler ss 1-—'0:61* — T50° — 1.44° 
Table II ..  — rs56 — r:96? — r:60? 


These figures may be compared with the preceding figures which showed the 
differences of the total amount of deviations between men and women. Women show 
significantly greater deviations to the left. 


The visual experiment. 


Table III shows the results of experiment 3 which is concerned with the visual 
perception of verticality. 


TABLE III 
VISUAL PERCEPTION (EXPERIMENT 3) 
Position of Head 
30° 45° 
Right Left Right Left 
mA c M c M o M [4 

Women N = 30 ..| — 042 | 1:22 | — r41| 1:62 | —045| 1:86 | — 127 | 215 
Men N=30 ..| — 048 | r54 | —119 | r84 | — 028 | 1-87 | — r4 | 222 


The discussion of the A-phenomenon with small tilts of the head has been rather 
confusing. G. E. Müller (1916) called attention to the fact that with small head tilts 
the opposite of the A-phenomenon is often observed. This was called by Müller 
the E-phenomenon. (This is the effect generally obtained in tactual-kinaestheti¢ 
perception as has been shown both here and earlier.) 

Wapner and Werner (1952) assert the generality of the E-phenomenon in visual 
perception as regards small tilts of the head (15° and 30°) and an earlier study (Werner, 
Wapner & Chandler, 1951) shows clearly significant deviations in the E-directio™ 
Witkin and Asch interpret their results in the same way and state that there is 4 
region of transition from the E- to the A-effect at about 42° of tilt (1948, p. 609). we 

have chosen our angles of tilt in accordance with this statement. In these studies t^ 
different stimuli were given by the experimenter in form of a step-wise procedure: 
“The E turned the rod slowly by increments of approximately 3? until S stated tha 
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the rod was vertical" (Wapner, Werner & Chandler, 1951, p. 341 f). It should be 
noted, that the average difference in our results between the two tilt variables is less 
than 3°. In a later study the procedure has been slightly changed. “The rod was 
moved in 5? steps up to the position of 1o? (initially from 30°); then it was moved in 
1? steps until 5°; and finally, o:5? steps were used until S reported that the rod was 
tilted to the opposite side. . . . Each judgment within a trial had to be made as 
quickly as possible: approximately 1 second was allowed." (Werner & Wapner, 1952, 
p. 68 f.). The purpose of the latter paper was to show the effect of the initial position 
on the apparent verticality. It was shown that the apparent upright is always closest 
to the position in which the rod was set initially for that trial; and this holds good 
also in our experiment (the shifts are in average about 0:5?, and alike for both sexes; 
these shifts within the tactual-kinaesthetic field—cf. Tables I and II—are less and 
not unambiguous). 

There is no reason for a detailed discussion of this method here, but it may not 
be prudent to make direct comparisons of visual results obtained by a method of limits 
with tactual-kinaesthetic results obtained by a method of reproduction, as Werner 
and his co-workers have done. According to Witkin and Asch (1948) body tilt gives 
the same results as a corresponding head tilt in visual perception; and in tactual- 
kinaesthetic perception the study of Wapner and Werner (1952) shows that the 
effect of body tilt is similar to that of head tilt. 

Mann (1951) reports results from small tilts of the head which are in keeping with 
the A-phenomenon, and to the extent that the present study gives tenable values for 
visual perception of verticality it supports Mann and also Müller. 

From Table III it appears that the differences between the right and left tilt of 
the head are less throughout than in the tactual-kinaesthetic experiments. Actually 
we obtain only one fully significant CR; namely, if we put together men and women 
in the experiment with 30? of tilt. There we get CR = 2:58 (1 per cent. level). The 
CR for women separately is 2:25 (5 per cent.) and all other CRs are much below 2:00. 

The small differences between the values for 30? and 45? do not support the 
statement of Witkin and Asch (1948). Actually our experiment shows more E-effects 
at 45° than at 30°. At 30° there are 43 A-effects and 17 E-effects; and at 45° the 
corresponding figures are 33 and 27 (no sex differences in the distribution). These 
figures in experiment 2 (tactual-kinaesthetic) are 3 and 57, and are thus not at all 
ambiguous. 

The coefficients of correlation between the results from the right and left tilt of 
the head are all negative: 30? female subjects — 0:38, male subjects — 0:22; 45^ female 
subjects — 0:62, male subjects — 0:35. In the tactual-kinaesthetic experiments these 
figures were all significantly positive. 

If we consider Table III from the point of view of sex differences we cannot 
demonstrate any clear difference. There is also here, however, a slight tendency for 
women to deviate more to the left than is the case for men, but not in a significant way. 


IV 
DISCUSSION 

Available studies on tactual-kinaesthetic perception of verticality with head tilted 
sidewise show unambiguous results. This is not true for the corresponding visual 
studies. Our study may support the original statement of Aubert and also Müller’s 
Opinion that a phenomenon contrary to the A-phenomenon appears often but not 
generally, at small tilts of the head. Irrespective of the kind of perception the minus 
deviations dominate. 
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Calling attention to this general predominance for adjustments to the left, we 
define the two types of phenomenon as a relation between the two apparent uprights 
as determined under different conditions of sidewise head tilt. Whether these uprights 
fall into the same quadrant or nor seems to be a secondary matter. 

Concerning sex differences, we have shown in this paper that the deviations are 
more pronounced for women than for men in tactual-kinaesthetic perception and, 
moreover, that these significantly greater deviations fall to the left of the male values. 
They do not fall equally to the right and to the left of the corresponding male values 
as might have been expected. No significant sex differences could be found within 
the visual field of perception. 

Phenomenologically, the subjects experienced the tactual-kinaesthetic task as 
much more diffcult than the visual task. In the latter case scarcely anyone found 
the adjustment to the upright difficult in any way, but the tactual-kinaesthetic 
situation gave rise to much uncertainty. 

In spite of this fact, however, the correlations between the tilt-variables are 
significantly positive in the tactual-kinaesthetic experiments and negative throughout 
in the visual trials. Evidently we have a much better experience of the visual than 
of the tactual-kinaesthetic vertical. This seems to have the effect of reducing the 
general deviations as well as the sex differences. In view of the above, it seems 
strange that the consistency of visual perceptions is less than for tactual-kinaesthetic 
perceptions. How to interpret the negative correlations in an adequate way is an 
open question. Perhaps these effects (and the general predominance of adjustments 
to the left) can explain to some extent the discrepancies of the results and clarify the 
discussions concerning Aubert’s phenomenon when found with small tilts of the head. 

On the basis of clear sex differences obtained from several experiments on verticality 
Witkin (1949 (a), 1949 (5)) has built up a theory of sex difference. Witkin says that 
his findings "indicate that women, in judging the upright, tend to be more dependent 
than men on the surrounding field and to rely less on experience from their own 
bodies" (1949 (a), p. 24). His tests “involve a conflct between the main (visual and 
postural) determinants of the perceived upright. There each presents the problem 
of integrating these conflicting sensory experiences and arriving at a unified perceptual 
impression.” (1949 b), p. 151). Thus every result represents a compromise which is 
the outcome of this conflict. This theory is very simple and attractive, and perhaps 
explains to a certain extent the results reported in the present paper. It seems 
difficult, however, to accept the relation between a greater conflict and an increased 
consistency as has been shown here. 

In an earlier study (1953) we obtained sex differences in the opto-kinaesthetic 
field. These very marked differences do not seem to fit into the Witkin theory, 
mainly because of the absence of conflicting sensory experiences in these situations. 
There were no changes of the postural determinant (no body or head tilts) in these 
experiments. 

In a recent paper (1954 a) published in Swedish, we have taken up this question 
starting from some critical comments on the Witkin theory. We have not been able 
to formulate a theory that also satisfies our opto-kinaesthetic findings; but it is our 
intention to make a comprehensive survey of the relations between our findings and 
the Witkin theory, thereby hoping to elucidate this theoretical dilemma. 
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FURTHER EXPERIMENTS ON THE OLFACTORY 
THRESHOLDS OF PURE CHEMICAL SUBSTANCES, 
USING THE ^SNIFF-BOTTLE METHOD" 


BY 


G. H. CHEESMAN and M. J. TOWNSEND 
From the Departments of Chemistry and Psychology, Reading University 


The "'Snift-Bottle" method of determining olfactory thresholds under conditions of 
adaptation to a second olfactory stimulus, as described by Cheesman and Mayne (1953), 
has been further developed. Their study was limited to the mutual adaptation effects 0 
three substances. The original matrix of nine quantities, described as degrees of community 
of odour property, has been revised and extended to include a fourth stimulus-substance. 
It is suggested that the matrix now obtained shows a definite pattern characteristic of 
consistent mutual relationships between the substances. A number of shortcomings in the 
original technique are discussed, and the appropriate emendations described. 


I 
INTRODUCTION 

Cheesman and Mayne, in experiments reported in this Journal in 1953, attempted 
to establish a method, the “sniff-bottle group test,” for the determination of olfactory 
thresholds. They applied the technique to the investigation of changes in the 
thresholds of pure chemical substances occasioned by adaptation of the olfactory. 
mechanism by the same, or a different substance. One of their objects was to ascertain 
whether there exists any “community of odour-property” (C.O.P.) between different 
substances, which might manifest itself in ordered mutual effects, and might be related 
to factors of chemical constitution. They write". . . when the values of the logarithm 
of the threshold concentration of the test stimulus are plotted against the logarithms 
of the concentration of the masking stimulus for a pair of odorous materials, a straight 
line is obtained,” and suggest that the gradient of this line may be used as a measure 
of the community of odour-property between the two substances. 

Using this basic method, they investigated the properties of three water-soluble 
substances, namely Isopropyl Alcohol (Isopropanol) CH,.CHOH.CH, Dioxan 

SEs — CH; CH,— CHN 
O and Cyclopentanone | C=0. They found that:— 
NCH,—CH,/ CH,-CH/ 

1. The straight-line relationship, or a close approximation to it, subsists over at 
least a part of the adaptation range. 

2. In each case where the adapting and test substances were the same (i.e. in 
"homogeneous" tests) the slope was approximately o-7. 

3. All nine values in the 3 X 3 matrix, representing all possible combinations of 
adapting and test stimuli, lie between + 0-2 and + ro, (Cheeseman and Mayne 
erroneously attributed a negative sign.) 

The present paper describes experiments designed to improve upon Cheesman and 
Mayne's technique, to correct some of their determinations, and to extend the matrix 

CH, —-CH;. 
; i , ely Cyclopentanol CHOH. 
to include a fourth stimulus-substance, namely Cyclop | 
CH,-CH,/ 
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II 
REVISION OF EXPERIMENTAL PROCEDURE 


Our experience in repeating some of the tests carried out by Cheesman and Mayne 
suggested that their procedure requires some revision and standardization if repeatable 
results are to be obtained. It should be noted that Cheesman and Mayne were con- 
cerned not only to obtain comparable threshold values, but also to ascertain the 
effects of different experimental procedures. The following aspects especially need 
attention :— 


1. The range of concentration of the test-stimulus. It will be recalled that Cheesman 
and Mayne usually employed nine test-bottles, together with three “dummies” containing 
no test-substance. (We shall refer to the strongest bottle as the first bottle, and the weakest 
as the ninth). Generally the range from the strongest to the weakest stimulus was five 
units on a logarithm-to-the-base-two scale. In some experiments, however, the range was 
increased to seven or ten units. The threshold-values so obtained were commonly among 
those which deviated most from the straight-line fitted to the plot of threshold against 
adapting stimulus-strength by the method of least squares. In all new determinations 
reported in this paper, therefore, the bottle-series covered five log, steps, using nine bottles 
each differing from the next by half a log, unit. 


2. Position of the threshold within the test-stimulus range. In experiments such as these, 
where a considerable threshold shift from adaptation is in question, it is important, of 
course, to try to arrange the actual series of stimulus-strengths in any given determination 
so that the threshold comes well within the stimulus-range. This is not always easy to 
manage, since there is in practice no simple way of getting a rough preliminary estimate of 
the threshold. In fact, in Cheesman and Mayne's experiments, a number of cases occurred 
in which the threshold lay well towards one end or the other of the bottle-series. As 
would be expected, the values in these cases deviated from what might be expected from a 
straight-line relationship in an upward direction if there are too many supraliminal bottles, 
and in a downward if there are too many subliminal. If the threshold lies towards the 
Strong end of the series—i.e. there are too many subliminal bottles—it becomes questionable 
whether the subjects know what they are looking for in the test bottles. Such uncertainty 
is detrimental to their consistency of judgment. They are therefore presented with a 
sample bottle at the outset of the same strength as the strongest of the series. If they are 
sul in any doubt as to the presence or character of the odour, a still stronger bottle is 
offered. 

If, on the other hand, too many supraliminal bottles are included in the series, the 
threshold may be displaced, or a marked degree of heterogeneity introduced in to the 
results. Inspection of the individual responses suggests strongly that these effects are due 
to 30 seconds being an insufficient interval to allow between successive test-sniffs. There 
is not full recovery from adaptation to the preceding test-stimulus. Relatively strong 
stimuli following strong stimuli are commonly recorded as minus while, by comparison, 
relatively weak stimuli preceded by weak stimuli tend to be recorded as plus. Not only 
is the threshold displaced in an upward direction, buta significant x? often emerges when 
the points are fitted to a. straight line in the course of probit analysis. 


3. Positive responses to no-stimulus bottles. In any experiment in which vexierversuchen 
are introduced, a certain number oÈ positive responses to non-existent stimuli will be 
obtained. In work such as the present, however, where a group of subjects is used, the 
presence of such responses may be due to either or both of two factors. In the first place, 
it may indicate unreliability of individual subjects. Cheeseman and Mayne in fact rejected 
the data from any subject who gave positive responses to more than one of the three no- 


. stimulus bottles. But in the second place, the total number of such responses is an 


indication of the general reliability of the experiment as a whole. A high proportion may 
be occasioned by an unsettled attitude in the group, or by contamination of the bottles, 
for example. An experiment in which more than 20 per cent. of the total responses to the 
no-stimulus bottles are positive should be rejected as a whole and, reviewing the circum- 
stances, the experimenter is often able to make a guess at a possible cause for the failure. 
Since the “unreliable” subjects, with more than one positive response, contribute equally 
with the “reliable” to the total number of positive responses, which is treated as an index 
of reliability of the experiment as a whole, we have found it important to assess the 
reliability of each experiment before discarding the unreliable subjects. The total number 
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of positive responses to no-stimulus bottles is first counted, and if this is greater than 
20 per cent. the experiment is rejected in foto. If not, those subjects having more than 
one positive response are discarded, and a threshold value calculated from the amended 
figures. 

Hem the statistical treatment of their data by probit analysis, Cheesman and Mayne took 
account of the positive responses to no-stimulus bottles by applying Abbott's correction 
for "natural mortality" to these cases (Finney, 1952). The appropriateness of this pro- 
cedure may be questioned, but it should be noted that when it is carried out, the 
tendency of Abbott's correction is to produce an artificial raising of the threshold which 
is the greater the higher the proportion of positive responses. 


4. Number of Subjects in a group. In some of the earlier experiments of Cheesman 
and Mayne, the responses of as few as 8, or as many as 34, subjects were used for treatment 
by probit analysis. Mayne (1953) had already established that if the number of subjects(7) 
was greater than 20, the shorter method of obtaining fiducial limits may be applied 
(Finney, 1952, p. 63). Latterly, however, it has been noted by the present authors that 
if n is much greater than 20, a noticeable weakening of concentrations and some intrusion 
of foreign odours was liable to occur. In our new determinations we have, therefore, 
adhered to groups of approximately 20 subjects, and have rejected those determinations 
of Cheesman and Mayne to which this criterion does not apply. 


5. Cleaning of Bottles. The method of cleaning of bottles used by Cheesman and 
Mayne consisted in:— < 

(1) Washing in concentrated sulphuric acid. 

(2) Rinsing thoroughly in cold and hot water. 

(3) Sterilizing by boiling in distilled water for three-quarters of an hour on three 

consecutive days. 

The use of sulphuric acid, however, has been discontinued in favour of chromic nitric, 
or chromic sulphuric acid mixture made by dissolving 40 gms. of Potassium Dichromate 
in a litre of concentrated sulphuric acid and adding roo ml. water. In addition to being à 
better cleansing agent in view of its oxidising power, this has the further advantages that 
bottles are less likely to break, and that splashes of the cleansing material can easily be 
detected by its colour. The bottles, after washing in the mixture, are left stoppered and 
upside down for at least two hours. This is followed as before by boiling and rinsing. 
This procedure has been associated with a lowered percentage of positive responses to 
no-stimulus bottles. 


6. Instruclions given to subjects. New instructions to the subjects have been introduced 
by a new experimenter, and are therefore included :— 

“The little bottles contain solutions of . . . all at different concentrations and 
what I want to do is to find the least concentration of these that you can detect 
immediately after sniffing from the big bottle which is on your table. The procedure 
is as follows (demonstrate)—take one good sniff from the big bottle, breathe out 
completely through your nose and then take a good sniff from the little bottle which 
will be on your table as well. All you have to do is to record the letter on the top of 
the little bottle, a plus if you detect the odour, a minus if you can't, or you may recor 

+ if you are not sure, but try and make up you mind. This is a trial bottle, the same 
concentration as the strongest bottle, which goes round before the test so that you will 
be familiar with the procedure and also so that you will know the smell you are looking 
for in each of the little bottles. We have to allow 30 seconds between each bottle so 
that your nose has time to recover so that I will give you the signal when to sniff from 
the big bottle, go on to the little one at your own time and record your result. There 
are two precautions to be taken—if you are not sure about the little bottle. please don't 
take any second sniffs—if you do the effect of the big bottle will have gone off, and this 
is what we are investigating—if you really can't make up your mind record +. 
Secondly will you shake the big bottles between tests—we will look after the little 
ones as we pass them on.” 


As the subjects are given the first signal, they are reminded by the words “big bottle,” 
“little bottle," “record your result and wait for the next signal." 


We may briefly summarize the modifications of technique, and the criteria fo 
rejecting some previous determinations by Cheesman and Mayne. 


IF — Se 
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(1) Range of concentration of test-stimulus standardized—nine stimuli in steps 
of half log, units. 

Cheesman and Mayne's determinations rejected if total range of concentration 
greater than five log; units. 

(2) Sample bottle containing stimulus equal in strength to strongest test-bottle 
given to subjects. If necessary an even stronger bottle offered. 

(3) Determination rejected if threshold falls below the eighth bottle, and/or if 
x? is significant on fitting probits. 

(4) Determination rejected if threshold falls above the fifth bottle. 

(5) Experiment rejected as a whole if more than 20 per cent. positive responses 
to no-stimulus bottles. , 
Subjects rejected if more than one positive response to no-stimulus bottles. 

(6) New bottle-cleaning procedure. 

(7) Number of subjects in group held constant at 20-22. 

Cheeseman and Mayne's determinations rejected if 17206. 

(8) New instructions. 


The adoption of these more rigorous experimental standards has required the 
rejection of quite a high proportion of Cheesman and Mayne's values for the com- 
munity of odour-property. It was decided not to repeat the experiments using 
homogeneous pairs of substances, but the other values have all been redetermined by 
thepresentauthors. Alldeterminations involving the new, fourth, stimulus substance 
have been carried in accordance with the new standards. In all other respects our 
procedure has been that described in Cheesman and Mayne (1953). 


Il 
TREATMENT OF DATA 


Certain anomalous features in the application of probit analysis to data obtained in 
experiments such as these were noted by Cheesman and Mayne. These relate especially 
to the estimation of fiducial limits, and their effect is to set these limits at artificially low 
values. While no exception can be taken to the use of probit analysis for the computation 
of a threshold, the use of the fiducial limits afforded is unjustifiable. And it cannot be 
denied that the method is clumsy and time-consuming if used merely for the former 
purpose. 

Unfortunately mathematical difficulties in the development of a means of estimating 
correctly the fiducial limits appear to be at present insuperable. Another simpler method 
of arriving at a threshold-value and an expression of its reliability is as follows :—The 
subjects’ responses are arranged in order of concentrations, and each subject is allotted a 
threshold value—the individual threshold (I.T.) such that the number of minus responses 
above the threshold equals the number of plus responses below. The plus-minus responses 
are counted as half, or if more convenient the I.T. is taken as the midpoint between the 
two values counting the plus-minus first as a plus and then as a minus. 

E.g. Conc. (x-scale): 


1o * + + + + - + 
r5 "its T t i t + 
2:0 zs nt zi: + 5# = zb 
2:5 m + E ge = — + 
30 ES + eu = = = or 
3:5 SU = = - ah = zn 
40 + = ah 
45 + - + 
5:0 + = 3k 
LT. 325 3°00 2:75 2:50 425 0:75 525 
The Mean Threshold (M.T.) is calculated = eus ) where N is the number of subjects 


N 
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The Standard Error E EU — (M. T)*-N 
N(N — 1) 
The 95 per cent. fiducial limits = (M.T.) + ¢ x (S.E.), Z being read from the tables 


with N degrees of freedom. 
To allow comparison with the results of Cheesman and Mayne, our own determinations, 


and the corresponding figures for "community of odour-property” have been computed by 
both probit analysis and I.T. method. Figure 1 gives a specimen plot from which the 
relationship of the two values can be seen. 


FIGURE 1 
ISOPROPYL ALCOHOL AFTER DIOXAN 
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Solid lines—results analysed by probit analysis 
Broken lines—results analysed by individual threshold method. 


IV 
RESULTS 


It will be recalled that Cheesman and Mayne's procedure was for each pair of 
substances, plot, logy, (threshold) against log, (concentration of adapting stimulus). 
A straight line is then fitted to the points by the method of least squares, using 


H 
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1/(S.E.)2-as a weighting factor. The slope of this line is then measured and taken as 
a measure of the degree of community of odour property. The values resulting from 
our determinations, together with those of Cheesman and Mayne which we regarded 
as satisfactory, are shown, for the two methods of threshold computation, in Tables 1 
and 2. The numbers in brackets adjacent to each figure show the number of points 
established and used in fitting the straight line. 


TABLE I 
Communities or OLrAcTORY Property (Pnonrr ANALYSIS METHOD) 


Se OE See MÀ 


Test Stimulus 
Isopropyl Dioxan Cyclopen- | Cyclopen- 
Alcohol tanone tanol 
Isopropyl 0-68 O51 0:24 0:72 
Alcohol (5) (3) (3) (3) 

i Dioxan 0:59 0:74 0:48 0°50 
Adapting (4) (5) (3) (5) 
Stimulus 

Cyclopen- o:18 0:54 0:67 0:04 
tanone (4) (4) (9) (3) 
Cyclopen- 0-64 0:59 O17 0:68 
tanol (3) (4) (4) (3) -~ 
[ERA ee ee ee Ru. | - — 
TABLE II 
Communities or OLFactory PROPERTY (INDIVIDUAL THRESHOLD METHOD) 
poo SESS UI ee ae ee wee c oio n om 
Test Stimulus 
Isopropyl Dioxan Cyclopen- Cyclopen- 
Alcohol tanone tanol 
Isopropyl 0-67 0:47 0-19 0-70 
Alcohol (5) (3) (3) (3) 

ap Dioxan 0-61 0:88 0:47 0:57 
Adapting (4) (5) (3) (5) 
Stimulus 

Cyclopen- 0:16 0:56 0:62 0:07 
tanone (4) (4) (9) (3) 
Cyclopen- 0:66 0:65 0:19 0:66 
tanol (4) (4) (4) (3) 
ve ee eS ee eee o ae, 
M 
DISCUSSION 


From the general conditions of the experiment, and the method of handling the 
data, it seems clear that no very great significance attaches to the second decimal 
place in these values, and this is borne out by the differences which arise as a result of 
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computing the threshold in two different ways. No attempt at a detailed analysis 
of the matrix would be justifiable, but the following provisional conclusions, 
not without interest, may be drawn:— 

I. All homogeneous pairs (i.e. test and adapting stimulus the same) have the 
same C.O.P., namely 0-7 approximately. It should be noted that this is a genuine 
finding, there being no a priori reason why this should be the case, nor any feature of 
the experimental design which makes it so. 


2. Reciprocal pairs of substances (i.e. test and adapting stimuli reversed) have 
approximately the same C.O.P. 


3. No C.O.P. is greater than that for homogeneous pairs. 


4. The two alcohols, isopropanol and cyclopentanol have the same effect as 
adapting stimuli on each other as each does upon itself. Moreover both have the same 
C.O.P's with the other substances. On the other hand, the two compounds with the 
same radical, namely cyclopentanone and cyclopentanol have markedly different 
C.O.P's. with other substances. 


We do not at present propose to offer any theoretical interpretation of these 
findings. ` 

Chemical purity and olfactory properties. In the case of one substance, isopropanol, 
it was necessary in the course of our redeterminations of Cheesman and Mayne’s 
threshold values to start using a fresh bottle of the material. Both bottles were of 
analytical reagent standard, and had come from the same manufacturer, Of the 
stated maximum impurities, only ketones and aldehydes (0-03 per cent.) could be 
supposed to be relevant to the olfactory properties of the sample. Yet the redeter- 
mined thresholds were found to be markedly displaced. When, for instance, some of 
Cheesman and Mayne's values for isopropanol with cyclopentanone as adapting 
stimulus were being redetermined, displacements of up to 1:5 log, units were found, 
and in consequence the rest of the values for this pair of stimuli not previously rejected 
on account of our more rigid standards, were also checked. It was then seen that the 
amount of displacement was approximately constant, and that the new straight line 
lay roughly parallel to the first. Since only the gradient of the line is involved in the 
final results, it would seem that effect of using more than one sample was not serious. 
But the observation arouses some interesting reflections regarding the effects of 
impurity upon the olfactory properties of substances. The difference in amount of 
impurity between the two samples cannot have been more than three parts in 10,000, 
yet its effect appears to have been to produce a 400 per cent. shift in threshold. It 
would seem that chemical purity is an important problem in olfactory research. 
Experiments relating to it are in progress. 


The authors wish to express their thanks to Professor R. C. Oldfield for many helpful 
discussions and his continued interest in this work, to Miss V. R. Cane for her assistance, 
and to Uniliver Limited for the financial support which has made this work possibie. 
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SOME EFFECTS OF SEVERE HYPOTHERMIA ON 
LEARNING AND RETENTION 


BY 
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and AUDREY U. SMITH 


From the National Institute for Medical Research, Mill Hill, London, and the 
Department of Psychology, University College, London. 


Two experiments have been conducted to assess the effects of extreme hypothermia 
on learning and retention. In the first experiment two groups of rats were subjected to 
identical treatments except that the deep body temperature of one group was lowered 
to between + 1? and o? C. before both groups began learning a serial problem solving 
task. The second experiment included three groups of animals: a control and two 
experimental groups, the deep body temperature of animals in one of the latter being 
reduced to between + r3:4? and + 18:5? C. and that of the other to between + 1? and 
o°C. Except for the “hypothermia” phase of the design all groups in the second experi- 
ment received identical treatments in the following order: Training on a maze, 
hypothermia, tests for retention of the maze habit, training on the serial-problem-solving 
task, tests for speed of locomotion. 

Animals whose body temperature had been lowered to between + 1° and o? C, showed 
a significant impairment in learning performance when compared with control animals, 
On the other hand, no significant differences were found between the performances of 
control animals and those cooled to between + 13:4? and + 18-5°C. The results also 
suggest that the effects of severe hypothermia may be temporary, since the percentage 
of impairment decreased as the interval between body cooling and learning increased. 

The differences in retention of the maze habit among experimental and control groups 
were very small and in no instance were they statistically significant, although there was 
a consistent trend towards poorer retention following hypothermia. These small differ- 
ences may be functions of the technique used to reduce deep body temperature rather 
than of the effects of hypothermia per se. 

These results are based upon observations of the behaviour of non-hibernating, 
homoiothermic animals. With such animals, extreme hypothermia, such as that employed 
in the present study, results in complete arrest of heart beat, circulation, and respiration. 
It also suppresses electrical activity in the brain and in our animals cerebral activity may 
have been arrested for as long as 14 to 2 hours. Within the limits of our experimental 
procedure we have failed to find evidence that arrest of these vital metabolic processes 
as a result of hypothermia produces any very serious, permanent effects on the animal's 
behaviour once it has been successfully reanimated. If, as previous writers have 
suggested, severe hypothermia can be used to “. . . stop all nerve impulses in the brain 
momentarily . . ." (Gerard, 1953), our results are difficult to explain if long-term memory 
is dependent upon the continuous activity of the brain. 


I 
INTRODUCTION 


Recent developments in techniques for lowering the deep body temperature of 
homoiothermic animals have led to an increased interest in the effects of body tempera- 
ture on physiological processes. Research has shown that, as deep body tempera- 
ture decreases, such processes as oxygen consumption, pulse rate (Adolph 1950), 
and arterial pressure (Crismon, 1944) at first increase and then decrease, in many 
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cases approaching zero as the temperature reaches + 15? C. Other processes, such 
as heart rate (Crismon, 1944), conduction of cardiac impulses and cerebral metabolism 
(Fazekas and Himwich, 1939), decrease progressively as the body cools. A crucial 
point appears at about + 15°C., below which arrest of heart beat and respiration 
occur in the majority of non-hibernating mammals so far studied (Burton and 
Edholm, 1955). Until very recently it was generally believed that this was the 
lowest level of hypothermia compatible with their survival. 

However, in 1951, Andjus reported that adult rats had been reanimated after 
cooling to much lower body temperatures and after prolonged respiratory and 
cardiac arrest had occurred. Since then improvements in the technique have been 
described (Andjus and Smith, 1954; Andjus, 1955; Andjus and Lovelock, 1955; 
Andjus and Smith, 1955) for reanimating rats subjected to extreme hypothermia 
and detailed information has been reported regarding a number of physiological 
changes occurring during the cooling and reanimation procedures. The first stage 
in this procedure involved narcotizing the animals by anoxia and hypercapnia as 
well as by exposure to cold so that they become flaccid and lethargic with colonic 
temperatures at or below + 20°C. Animals then cooled to body temperatures as 
low as + 15°C. re-warmed spontaneously when left at ambient temperature of 
+ 20°C. and appeared to suffer no after-effects despite the severe treatment to 
which they had been exposed. Other animals were cooled in melting ice until their 
body temperatures were lowered to between o? and + 1°C. These animals 
recovered completely even after 60 to 75 minutes at body temperatures below 
+ 15°C., and after 40 to 60 minutes without detectable heart beat, circulation, or 
respiration. Their skulls as well as the rest of their bodies had been packed in ice 
during this same period and could have been little, if at all, warmer than the colon 
from which deep body temperature had been recorded. Despite this extreme 
cooling Andjus and Smith (1955) report no evidence of the neurological damage to 
the brain described by other researchers (Jensen and Parkins, r954). There is 
evidence that electrical activity in the rat brain is suppressed at body temperatures 
below + 18° C. (Horsten, 1949; Lemaitre, 1954). Using this evidence, Andjus and 
Smith (1955) have suggested that, in their animals, ". . . cerebral activity was 
probably arrested for rj to 2 hours." Animals exposed to this severe treatment 
recovered reflexes and posture within two hours of re-warming and showed 
apparently normal activity and behaviour within two or three days. 

To the physiological psychologist, interested in relations between behaviour and 
the metabolism of the body as a whole or of various of its systems, the new techniques 
for inducing severe hypothermia offer fresh opportunities for research. The general 
idea is not a new one, although we have not found any previous study which reports 
the effects of complete cardiac and respiratory arrest on the behaviour of homoio- 
thermic animals. In 1932 Hunter reported on the effect of inactivity produced by 
cold upon learning and retention in the cockroach, Blatella germanica. His hypothesis 
was “. . . that almost perfect retention might be secured if the subject's physiological 
processes could be held practically in quiescence during the period of rest interpolated 
between learning and relearning." The learning and retention of various groups © 

subjects exposed to temperatures of 3° to 6° C. were compared with the learning an 
retention of control groups. The results were contrary to Hunter's hypothesis, 
for both learning and retention of a simple darkness-avoiding response were poorer 
in the experimental than in the control groups. Hunter suggested the possibility 
that these results might be accounted for in terms of physiological changes occurring 
below a critical temperature of about w G . M a 
More recently Gerard (1953) has suggested the use of hypothermia.as “. . - 
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simple way to test the question as to whether a memory is purely dynamic. One 
need only stop all nerve impulses in the brain momentarily and observe whether a 
memory is lost." The use of hypothermia for this purpose is illustrated in a study 
reported by Ransmeier (1953). Hamsters, which are hibernating mammals, were 
used as subjects. Deep body temperatures of animals anaesthetized by nembutal 
were reduced to approximately + 12°C. in certain groups and to approximately 
-+ 5? C. in others, and the effects of these treatments on behaviour in a maze were 
studied. The maze contained seven choice points spaced at regular intervals over 
the 6-foot length of a 9-inch-wide board. Its odd-even reliability is reported to 
be high, about 9o per cent. Two research procedures were used, the first consisting 
of the following order of events: three consecutive maze trials, hypothermia, two 
days rest, three more trials, etc. The second procedure was the same as the first 
except that hypothermia was induced after each trial, one trial being given every 
two days. The results indicated that, when the hypothermia procedure was begun 
at one minute after completion of a learning trial, significant impairment of per- 
formance on subsequent runs occurred. However, when the procedure began five 
minutes after a trial, no significant effects on later performance were found. From 
these interesting results Ransmeier postulated that “Normal retention events . . . 
include an initial conducted activity stage (reverberations?) and resultant enduring 
material changes (size of neuron ends?)” He was also careful to point out that 
“. . . almost all of the procedures involving onset of marked activity or injection of 
any sort at one minute after a learning run, gave increases over normal scores... .” 
The impairment of later performance following induction of severe hypothermia at - 
one minute after a learning trial may have been due to certain aspects of the technique 
rather than to reduced body temperature fer se. 

These studies of Hunter and Ransmeier were concerned with the behaviour of 
poikilothermic animals and hibernating mammals which, under natural conditions, 
tolerate reduction of body temperature to levels lethal to man and most warm- 
blooded animals. Techniques (Andjus and Lovelock, 1955; Andjus and Smith, 
1955) used in the present experiments make it possible to lower drastically the deep 
body temperature of non-hibernating, warm-blooded animals with very high 
percentages of successful recovery. Two or three days after such treatment it is 
difficult, if not impossible, to differentiate between control animals and animals 
whose deep body temperature has been lowered as far as + 1? to 0° C. on the basis 
of their behaviour when living in adjacent cages. 

The effects, if any, of hypothermia on behaviour are of interest to medical research 
workers as well as to students of animal behaviour. Hypothermia is a useful form 
of anesthesia for human surgery and is being used more and more frequently. It is 
important to know as much as possible about any secondary effects which may 
arise, such as effects on behaviour. 

The present research was designed to study the effects on learning and retention 
of reducing the deep body temperature of non-hibernating, homoiothermic animals. 
Rats were used as subjects, difierent groups being cooled to different levels: + 13:4" 
to + 18:5? C., the lowest temperatures consistent with spontaneous recovery, and 
+ 1° to o? C. As has been pointed out above, very drastic changes in physiological 
processes occur as body temperature is lowered to + 15* C., and below this crucial 
point heart beat, respiration and electroencephalographic signs of brain activity 
disappear. If long-term retention is dependent upon the continuous normal activity 
of the central nervous system, it would be expected that tests for retention following 
these experimental treatments would show impairment. It might also be expected 
that, as with other drastic treatments such as electrical stimulation severe enough 
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to induce convulsions (Braun, Russell and Patton, 1949), learning of new habits 
would be impaired, at least temporarily. 


IL 
EXPERIMENTAL DESIGN AND PROCEDURE 
Two experiments have been conducted. 
Experiment 1. This experiment was designed to determine the effects of reducing 
deep body temperature to + 1° to o* C. on two aspects of behaviour — speed of locomotion 
and serial problem solving. The experimental design is shown in Table I. 


TABLE I 
EXPERIMENT I. EXPERIMENTAL DESIGN 
L————————— AUUERSUEMEMEUMNEIK IQMSE ——— m 
Group Phase 
I 2 3 4 

ES Hypothermia: Preliminary Serial Problem Speed of 
"pur? to o%G, Training Solving Locomotion 

C No hypothermia Preliminary Serial Problem Speed of 
Training Solving Locomotion 


i — O ci 


Treatment of the two groups of animals differed only in Phase 1, when the deep body 
temperature of the ES animals was reduced to + 1? to o? C.; the C group animals serve 
as controls. Each group consisted of eight male hooded rats from the animal colony O 
the National Institute for Medical Research. T hey were approximately 70 days old at 
the beginning of the experiment and were assigned at random to groups ES and C. 
Phase 1 of the experiment was carried out at the National Institute and the technique 
described by Andjus and Smith (1954) was used. Cooling took place in two stages, 
body temperature being reduced first to approximately 15? C., then to between + I 
and o? C. About 20 minutes after the second stage began no more heart beats could be 
recorded and colonic temperature fell to approximately + 1° over a further period 0 
about 40 minutes. Reanimation consisted essentially in re-establishing the circulation 
by applying heat locally to the cardiac area before re-warming the whole body. This 
was accompanied by positive-pressure artificial respiration. The first heart beats wert 
seen before the colonic temperature reached + 5? C. and these were followed, in mos 
animals, by increases in heart rate with continued re-warming. Survivors had to e 
kept in a warm atmosphere of + 28? to + 32? C. for two or three days after reanimation: 
Using the improved techniques of Andjus and Lovelock (1955), approximately 75 per 
cent. of the animals recovered from this treatment. ar 
Between 19 and 21 days after reanimation preliminary training for the tests of seria 
problem solving behaviour was begun. During this and subsequent phases of C 
experiment the animals were maintained on a schedule by which they were fed M.R- d 
Diet No. 41 (Bruce and Parkes, 1949) for 1 hour of each 24 hours. They were allow 
.an ad libitum supply of water in their home cages. Preliminary training followe the 
procedure suggested by Rabinovitch and Rosvald (1951) and took place in tho" 
modification of the original closed field test (Hebb and Williams, 1946). The apparatu. 
consisted of an enclosed rectangular field with starting and food boxes at opposite €” 
of one diagonal. Movable wooden barriers could be placed at various positions 1n t e 
field thus constructing the various spatial problems standardized by Hebb and William 
Preliminary training took place in two phases. In the first, animals were put into i d 
apparatus in pairs for one I 5-minute period on each of five successive days, being allows 
to wander through the field and to eat in the food box. In the second phase, Eb 
animal separately was released from the starting box on nine successive trials each set 
a trial ending when the animal entered the food box. During both phases one of MIS 
of five standardized practice problems was constructed in the field for each day $ Tom 
the five problems being repeated in rotation until the preliminary training Mae o 
pleted. This training was concluded as soon as all animals had reached a criter 
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nine trials in 60 seconds or less on two successive days. Trials on the standardized set 
of experimental problems then began, each animal being given seven trials per day on 
one problem. Errors were recorded for entrance into "error zones" (Rabinovitch and 
Rosvald, 1951). This phase of the experiment was completed in twelve days, at which 
time data were available for each animal's reactions to twelve standardized problems. 

In Phase 3 each animal was required to run a straightaway formed by barriers leading 
directly from the starting to the food box. The time taken for each of seven runs on 
three successive days provided data on speed of locomotion. 

Experiment 2. This experiment was conducted in two replications designed to 
assess the effects of two levels of hypothermia on, first the retention of a previously 
practised habit, and, second, the serial problem-solving behaviour of the kind studied 
in the first experiment. The experimental design is shown in Table II. As in Experi- 
ment, 1, the various groups differed only in the treatment they received during Phase 3 
when the deep body temperature of Group ES was reduced to + 1° to o^ C. and that of 
Group EM to + 13:4? to + 18:5? C, Group C serving as a control. A total of forty 
animals was used, twenty in each replication. Six animals did not complete the full 
experiment, five as a result of the severe hypothermia. Allanimals were from the same 
stock as those used in the first experiment and were 62 days old at the start of Phase 1. 
Animals were assigned to the various groups in accordance with a litter-mate technique 


TABLE II 
EXPERIMENT 2. EXPERIM AL DESIGN 
cu. 2. CP MM ee ee c pee t — — — 


Group Phase 
Š 2 3 4 5 G 7 
Pre- Maze Hypothermia: Maze Pre- Serial Speed of 
liminary | Learning| + 1° to o° C. Retention | liminary Problem Locomotion 
Training Training Solving 
EM Pre- Maze Hypothermia: Maze Pre- Serial Speed of 
liminary | Learning + 134° to Retention | liminary | Problem Locomotion 
Training + 18:5* C. Training | Solving 
(e , Pre- Maze No Maze Pre- Serial Speed of 
liminary | Learning| Hypothermia | Retention | liminary Problem | Locomotion 
Training Training | Solving 


E 


The first part of the experiment was concerned with training in establishment of a 
maze habit, the retention of which could be tested after the experimental groups had 
been subjected to hypothermia. The Lashley No. III maze, adapted for use in water 
(Braun, Russell and Patton 1949), served as the problem to be learned. Preliminary 
training consisted of swimming a straightaway to escape from the water, each animal 
being given five trials per day for five days. Learning of the maze proper began on the 
next day. All animals were given an equal amount of training—one trial a day for 
eight days. 

Two days later the experimental animals were cooled in accordance with the require- 
ments of the experimental design. Thirteen days after this treatment tests for retention 
were started. The retention and savings methods were used, the animals being required 
for purposes of the latter method to swim the maze to a learning criterion of two successive 
days without error. As in the case of the original learning each animal received one 
trial per day. 

After completing the test for retention each animal was put on a schedule of r hour 
feeding per 24 hours. Twelve days after the last animal had reached the learning 
criterion in the maze, training on the serial-problem-solving situation began. This was 
45 days after the experimental animals had been subjected to hypothermia. The 
Same procedure as in the first experiment was followed, yielding information about 
both problem solving and speed of locomotion. 

In analysing the results significances of all differences among groups were tested by 
the Mann and Whitney (1949) method. "Significance" is defined in terms of the 5 per 
cent. level of confidence. 
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Ill 
RESULTS 


The two experiments were designed to study the effects of hypothermia on 
learning and on retention, and the results may be summarized under these two 
headings. However, there is certain general information which should be con- 
sidered before these summaries are presented. 

Speed of locomotion was measured in both experiments since it was possible that 
the experimental treatments might have affected locomotion differentially in the 
various groups and this, in turn, might have been reflected in the measures of learning. 
Comparisons of times taken to run the straightaway showed no significant differences 
among any of the groups in the two experiments. This suggests that any differences 
which might appear in the learning or memory scores of the various groups could not 
be accounted for in terms of inherent differences in speeds of locomotion. ! 

The possibility that différences might have existed in levels of food-hunger drive 
among the various groups was also examined. The measure used was an indirect 
one—amount of food intake. In neither experiment were there any significant 
differences during the periods in which the various behaviour measures were being 
taken. 

Effects on learning. The serial problem solving task provided a total error 
Score as the main measure of learning. Such scores were available for all animals 
in both experiments. It must be remembered, however, that animals in the second 
experiment were tested for retention of previous practice on the Lashley III water 
maze before beginning training on the serial problem solving task. 


TABLE III 
SERIAL PROBLEM SOLVING—TOTAL ERROR SconEs 
ee 


Experiment Group N Median Range 
I c 7 1730 115-234 
ES 6 216:5 193-258 
2 9 160:0 108—264 
9 167:0 112—231 
14 190:5 137-280 
2 18 164:5 108-264 
14 190:5 137-280 ? 


—..J n 
1,2 These differences are significant in a one-tail test at 
the 0-03 and 0-05 levels of confidence respectively. 


Table III presents the median error scores for the various groups in both exper" 
ments. There is a consistent trend towards greater errors for the groups which ha! 
been subjected to severe hypothermia. The difference between the two groups m 
Experiment T is significant (p = 0:03). Comparisons of the three groups in Expe™ 
ment 2 provide further information about the relation between level of body ale 
and learning. The difference between the control animals and those whose bo a 
temperature had been lowered to between + 13-4° and 18:5? C. is far from significa? 
(p = 0:48), whereas the differences between these two groups and the group wht 
had been cooled to between + 1 and o* C. approached significance (p = 0:07 d 
0-09, respectively). When the error scores of the C and EM groups are combin 


Z 
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and then compared with the scores of the ES group the difference is significant 
(p = 005). 

Effects on retention. The second experiment was designed to provide information 
regarding the effects of two levels of hypothermia on the retention of a relatively 
simple habit practised before body temperature was lowered. Although the three 
groups involved in each of the two replications were matched according to a litter- 
mate technique, it was considered desirable to compare their original practice scores 
in case differences at this point in the experiment may have affected the measures 
of retention. The median error scores for the C, EM, and ES groups were 42:5, 
39:0 and 42-0, respectively. Mann and Whitney tests (1949) showed no significant 
differences among the groups. 


TABLE IV 
RETENTION FOLLOWING HYPOTHERMIA. EXPERIMENT 2 


Errors on f 
First Trial Total Trials Total Errors Per cent. savings 
Group! N Median | Range | Median | Range | Median | Range | Median | Range 
C 10 ro 0-17 20 0-12 3:0 0-59 90:5 34-100 
EM 9 2-0 0-13 40 0-14 79 | 0-47 83:0 0-100 
ES 15 20 o-8 79 0-18 8-0 | o-82 88-0 19-100 
C + EM 19 ro | o-17 2:0 | 0-14 40 0-59 91:0 34-100 
8. | o-82 88-0 19-100 


ES 15 20 | o-8 7o | 0-18 


1None of the differences among these groups is significant. 


Table IV summarizes the data on retention. The animal's error score on the first 
trial in the maze following Phase 3, the "hypothermia" phase, was taken as one 
measure of its retention. Comparisons of the differences between the various groups 
in both replications showed no significant differences, although there were slight 
tendencies for the control groups to make fewer errors than the groups previously 
subjected to hypothermia. 

By continuing the training to a learning criterion of two successive errorless 
trials three additional, though interrelated, measures of retention were obtained: 
total trials and errors to reach the criterion and the “per cent. savings" expressed as 
the difference between the errors during original learning and the errors during 
re-training divided by the original error score. Of all possible comparisons among 
the various groups in the two replications none of the differences was statistically 
significant. Hówever, examination of the various comparisons does indicate a 
consistent trend toward poorer retention by the groups whose deep-body tempera- 
ture had previously been lowered than by the control groups. 


IV 
s DISCUSSION 


These results are of interest in four ways. First, they support the evidence 
reported by Ransmeier (r953) that severe hypothermia, which does not follow 
immediately after practice, has little or no effect on measures of memory. Although 
our results show a consistent trend toward poorer retention following hypothermia, 
the differences among experimental and control groups are very small and in no 
instance are they statistically significant. The small differences may be functions 
of the technique used to reduce deep body temperature rather than of the effects of 
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hypothermia per se. These results are difficult to explain if long-term memory is — 
dependent upon the continuous activity of the brain since in our rats cerebral 
electrical activity was arrested for perhaps as long as ri to 2 hours. 

The second main point of interest concerns the effects of hypothermia on learning. 
Here, as in the case of retention, the results were consistent. The performance of 
rats whose body temperatures had been lowered to between -+ 1? and o? C. showed 
an impairment when compared with the performances of control animals, an impair- 
ment which proved to be statistically significant. On the other hand, no significant 
differences were found between the performances of control rats and those cooled to 
between + 13:4^ and + 18:5? C. despite the very severe physiological changes 
induced in the latter. Thirteen to fifteen degrees Centigrade appears again as @ 
“crucial point"; below this point such physiological processes as heart beat and 
respiration are arrested and performance on later learning tasks is impaired. Further 
examination of our results suggests that this impairment in learning may be only 
temporary, although additional research is necessary before this general statement 
can be made with confidence. Animals in Experiment r started training on the 
problem solving task 19 to 2r days after the “hypothermia” phase of the 
experimental design, while this interval for animals in Experiment 2 was 45 days: 
In terms of median performance scores, impairment in the first experiment amounted 
to 25 per cent. and impairment in the second to 16 per cent. This picture of à 
significant but temporary impairment in learning performance has been observed in 
studies of other forms of treatment involving drastic changes in physiological 
processes (e.g., Braun, Russell and Patton, 1949). 

A third special feature is that our results are based upon observations of the 
behaviour of non-hibernating mammals. With such animals extreme hypothermia, 
such as that employed in the present study, results in complete arrest of circulation 
and respiration. In this respect they differ from mammals in a state of natura 
hibernation, and from hibernating or non-hibernating mammals artificially coole 
to induce surgical anaesthesia, in all of which circulation and respiration continue 
Our results have a different physiological significance from those of Ransmeier, WPO 
based his observations on the behaviour of hamsters cooled to temperatures whic? 
they would reach in normal hibernation and at which heart beats and breathing 
were slowed but not stopped. Within the limits of our experimental procedure we 
have failed to find evidence that arrest of vital processes as a result of hypothermi? 
produces any serious effects on an animal's behaviour once it has been successfully 
reanimated. 

A fourth matter of interest, particularly for the medical research worker, dro 
lack of evidence that hypothermia, even considerably more severe than that use m 
surgical procedures, has any serious, permanent effect on learning or retention- 
This point is, of course, limited to the types of behaviour we have studied and ! 
would seem important to assess the possible effects of hypothermia on other type? 
of behaviour and other species of animals. 
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THE LIMITS OF THE “PSYCHOLOGICAL REFRACTORY | 
PERIOD" 
BY 


R. DAVIS 


From the Institute of Experimental Psychology, 
University of Oxford 


Previous evidence on the psychological refractory period is shown to be inadequate 
on the crucial issue of whether delays, which cannot be overcome by practice, occur in 
responding to the second of two signals, when the interval between them is less than 
0:5 seconds. Forsimple key pressing responses it is shown that when the interval between 
signals is less than the reaction time to the first signal, delays in the reaction time to the 
second signal occur in a predictable manner. When the interval is greater than the first 
reaction time, however, no such delays are found. Possible reasons for the discrepancy 
between these and earlier findings are suggested. 


INTRODUCTION 

In many complex skills it is necessary for the operator to make repeated adjust- 
ments of his motor performance in accordance with changes in the stimulus situation. 
One of the most fundamental limitations of such performance is the rate at which 
responses can be made to signals from the environment. 

The normal reaction time (of about 0-2 seconds for a visual stimulus) imposes one 
limitation, but claims have been made as a result of work by Craik (1948), Hick (1948 , 
Vince (1948), and others that there is a further limitation on the rate of response; 
that, if a second signal follows a previous signal at an interval of 0-5 seconds or less; 
the beginning of the second response is delayed. This increase in the reaction time 
to the second stimulus, it is claimed, may be as much as 0-3 seconds. The term 
“psychological refractory period" has been given to the period following the presenta- 
tion of the first stimulus during which a second stimulus would give rise to a delay? 
second reaction. 

The refractory period was supposed to be of general occurrence in making any 
type of response to signals at short intervals. Thus it has been claimed that simil? 
delays occur whether the subject moves the same or different body members ^ 
response to the consecutive stimuli (Hick, 1948; Hick & Bates, 1950). Of the variety 
of situations which have been covered by the assumption of a refractory period it ha 
been applied to:— 

(a) “Ungraded” responses. Situations in which the subject had to press key 

in response to light signals. 

(b) “Graded” responses. Situations in which the subject had to make 
ment of definite extent (Vince, 1948 (a)). In this case the respons 
second signal was a movement in the opposite direction to the first, ba 
the starting point. 

(c) The refractory period was further applied to a situation in whicl sor 
had to be tracked continuously. Misalignments between target and cur en 
lead to corrections being made. The frequency of such corrections has vat "m 
reported to have an upper limit of approximately 2 per second i raté 
hypothesis of the refractory period has been used to explain why thi 
is not exceeded (cf. Craik, 1948; Welford, 1952). 


a move 
e to the 
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Any delay which occurs must be a result of some characteristic of the organization 
of the central nervous system. It could hardly be determined either by transmission 
from the sense organ—the eye for a visual stimulus, which can respond at a much 
higher rate, or by the muscles or limbs where voluntary movements of the order of 
IO per second are possible. 

The hypothesis of some sort of central delay in dealing with sequences of signal 
had been suggested by Telford (1931) and elaborated by Craik (1948), but it is to 
Hick (1948) and Welford (1952) that we owe the development of the theory of the 
psychological refractory period in its most complete form as a physiological limit on 
the rate of responding. 

A brief summary of the points of the theory as developed in Welford’s article will 
be attempted in order to point the significance of the present investigation. 

Delays in responding to a stimulus which closely follows another are due 

“to the central processes concerned with two separate stimuli not being able to 

coexist, so that the data froma stimulus which arrives while the central mechanisms 

are dealing with data from a previous stimulus have to be ‘held in store’ until the 

mechanisms have been cleared." (Welford, 1952, p. 3-) 


If we apply this to the central processes occurring during one reaction time only, 
then with two consecutive stimuli S, and S, each indicating a different movement 
M, and M, and separated by an interval I (<RT,) we have the situation shown in 
Figure I A. 

RT, — Actual 1st reaction time 

RT, — Predicted 2nd reaction time Then x = RT,—I 

RTy = Mean normal reaction time RT, = RTy + x 
x = Amount of delay ~. RT, = RTN + RT, —1 

The mean normal reaction time RTy is the assumed mean reaction time to the 
second stimulus if the first stimulus had not in fact preceded it. Its value would be 
taken as the mean simple reaction time for the particular experimental situation used. 
Actual values of RT, should not differ from those predicted by the formula by more 
than the normal amount for this situation. 

However, this formula will not explain delays when I>RT, which are claimed to 
occur for values of I up to ow seconds. In order to explain these delays further 
assumptions are introduced. Thus 

“The attention may be switched to that sensory field from which confirmation of 

the occurrence of the response is expected . . . we may suppose that the attention 

is reflexly deflected by the inevitable stimulation of kinaesthetic or other receptors 

by the response.” (Hick, 1948, p. 43.) 

} Welford adds to this: 

| “Tf the stimuli fed back from a response are dealt with by the subject's central 
mechanisms in a similar way to stimuli given by the experimenter, we should 
expect that those fed back at the beginning of the response would ‘capture’ the 
central mechanisms for a brief period, and that only when this period was over 
could any further stimuli from the response or any new stimulus given by the 

experimenter be attended to." (Welford, 1952, p. 4-) 

Thus the perception of stimuli resulting from the response would be intermittent and 
give rise to one or more periods of refractoriness. 

This situation is shown in Figures 1B and 1C. 

Fb, — first period of sensory feedback MT, — first movement time. Age 


Fb, = d period of sensory feedback. Se EEEE 
, = second perio Ty leures Edn). PsY- Res arch 
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FIGURE 1 
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Showing the derivation of predicted values of RT, for different 
values of interval between the first and second. stimuli. 


(tA) When RT, >I 
RT, = RTy + RT, - I 
(1B) When RT, + Fb, >I > RT, 
RT, = RTN + RT, + Fb, — I 
(1C) When RT, + MT, + Fb, > I > RT, + MT, 
RT, = = RÜN + RT, + MT, + Fb, —I 
Iis Interval between stimuli S, and S, 
RT, = Reaction time to 1st stimulus S, 
RT, — Predicted reaction time to 2nd Stimulus S, 
RTy = Mean normal reaction time (= Mean RT,) 
MT, = Duration of rst movement M, 


Fb, — duration of 1st period of sensory feed back 
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This gives rise to the following values of RT, for different values of I: 
Figure 1B: When S, occurs at a point such that RT, + Fb, —I-— RT, 
Then I + x = RT, + Fb, 
And RT, = RTy + x 
<. RT, = RTy + RT, + Fb, — I 
Figure 1C: When S, occurs at a point such that RT, + MT, + Fb,>1>RT, + MT; 
Then I + x = RT, + MT, + Fb, 
RT, = RTy + x 
<. RT, = RTy + RT, + MT, + Fb, — I. 


With regard to the values of Fb Welford assumes that it is the result of the 
inevitable kinaesthetic stimulation and takes values of approximately 0-15 seconds as 
determined by kinaesthetic reaction time experiments (Vince, 1948 (b)). Such feed- 
back is supposed to occur at “high points” in the movement and is not necessarily 
confined to the beginning and end of the movement, although in a.straightforward 
translative movement Welford gives these as the most likely places. 

This provides a precise theory in an admirable form for testing experimentally. 
Taken as it is, the order in which the external and internal stimuli occupy the central 
mechanisms will be determined solely by the time relations between them, i.e. the 
sequence in which they arrive, and the duration for which they occupy the central 
mechanisms will result in observed delays. At times, however, Welford seems to 
propose a much weaker form of the theory wherein the order in which the stimuli 
occupy the central mechanisms is not determined solely by the sequence of their 
arrival. The central mechanisms are given the power of "paying, or not paying, 
attention" to certain stimuli (Welford, 1952, pp. 16-17). This obviously would raise 
further problems concerning the selective behaviour of the central mechanisms and 
robs the theory of much of its predictive power. 

* However, an experimental test of the theory in either its precise or its weaker 
form may be designed as follows:— 

If the feedback stimuli, whatever they are, are occupying the central mechan- 
isms for a certain time, then, if the experimeter gives a signal to respond during 
this time, it is of no advantage giving it at the beginning of this period rather than 
at the end, since it is not dealt with until the end of this period in any case. Hence 
shortening the interval by this amount will not produce any shortening in the 
second reaction time. Thus if an experiment is performed in which the intervals 
between the experimentally produced stimuli are varied, and the steps between 
the intervals are sufficiently small compared with the suggested value of feedback 
times we should discover— 

(1) Whether there is any delay in the second reaction for values of the interval 
(a) less than RT,, (b) between RT, and 0:5 seconds. 

(2) By observing how much the interval can be lengthened without producing 
further delay we can obtain a value for the time sensory feedback is occupying the 
central mechanisms. 


Although a large number of experiments have been quoted in support of a refrac- 
tory period no precise analysis of this sort seems to have been attempted. The 
majority of studies have merely reported a delay of some sort at short intervals. 
Thus the early experiments of Telford used only four values of interval, none less than 
3 second, viz.: $, 1, 2, 4 seconds. Hick's results in a key-pressing task (1948) give only 
the mean second reaction time (0-389 seconds) of 14 cases for all intervals grouped 
together from 0:171 to 0:513 seconds. Vince's results (19482) it is true are given for 
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values of interval 0-05, 0-10, 0:20 . . . 0-7 seconds, but this is a situation in which 
the two movements are performed by the same limb in opposite directions, and as 
movement time plus reaction time totals approximately 0-5 seconds, as Vince herself 
points out (19484, p. 156) this may be all that is required to account for the time taken 
to return, without introducing a refractory period. 

It therefore seemed necessary to perform an experiment of the type outlined to 
provide the basic data in a simple key-pressing situation where the performance of 
the first movement was unlikely to interfere with the second. 
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EXPERIMENTAL PROCEDURE 
Apparatus. 


The subject viewed an illuminated moving band passing behind a screen with a narrow 
slit and his task was to press a key whenever a spot was exposed in the slit. Two keys 
were provided for the subject and two conditions were used :— 

i. In which the two keys were on opposite sides of the display and were pressed by 
the same fingers of different hands. 

1st reaction—tst finger left hand; 
2nd reaction—tst finger right hand. 


FIGURE 2 (B) SUBJECT 2 
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reaction times, RT;, for intervals 0-05 — 0:40 seconds. 

axis. The number of reponses falling in each category along the vertical axis. 

pairs of responses made at eachinterval. The total possible number of pairs of responses 
recording, is shown in brackets. 


a 
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2. In which the two keys were adjacent and were pressed by different fingers of the 

same hand. 
1st reaction—tst finger right hand; 
2nd reaction—2nd/3rd fingers right hand. 

When a key was depressed an electromagnetic pen recorded on the paper band and 
reaction times were measured to the nearest 1/100 second as distances along the band from 
the stimulus spot to the pen’s marking. The reaction times were measured from the 
moment the stimulus first appeared at the top of the slit, not after the spot had crossed 
the slit as in some of Vince’s experiments (1948a). 


Numerical Specifications of Apparatus. 


Horizontal side of slit. . xc so. SER 
Vertical side of slit .. T -. 2:5mms. 
Approx. distance of subject's eye from 
SII te " " is +. 20-30 cms. 
Size of stimulus spot .. AE .. 8 mms. (horizontally) x 2 mms. (vertically). 
Speed of paper. . a ae -. 4°92 + 0:03 cms./sec. 
Force necessary to operate key .. Approx, 80 gms. weight. 


The paper was illuminated by a 6 v. bulb attached behind the screen immediately 
above the slit. à 


METHOD 
Main Experiment. 

When the paper band was set in motion the subject first received a warning signal 
in the form of a horizontal line drawn across the band. 

At a randomly varied time between 1-5 seconds and 2:5 seconds after this the first 
stimulus appeared through the slit. As soon as the subject saw this he had to press 
the first key. 

At a randomly varied time between 0:05 and 1-00 second after the first stimulus à 
second stimulus might appear. When this happened the subject had to press the 
second key. 

After this another warning signal would appear and the procedure was repeated. 

Sixty-four pairs of stimuli were presented on one paper band, and distribute 
randomly among these pairs were 12 cases in which there was a single stimulus only. 
These served to check whether the first reaction was being performed normally an 
whether there was a tendency to anticipate the second reaction. 

Each subject was given 128 pairs of stimuli per session (i.e. 2 paper bands), with. 
a short rest after every 32 pairs. Five sessions were held in all with intervals of about 


two days between them. 


Control Experiment. 
In separate control experiments the simple reaction times for different hands, OF for 


different fingers of the same hand, were determined according to the condition under whi 
the subject performed the main experiment, except that the subject knew that following 
the warning signal there would be only one stimulus to which he had to respond. 


RESULTS 


Results are given for two subjects, both of whom had previously performed several 
hundred responses in situations similar to those of the experiment—an essento, 
e is looking for absolute limitations on performance. For subject 
d—two keys pressed by the same fingers of different hands. 


precaution when on 
2 was used—two keys pressed by different fingers of the 


condition I was used—t 
For subject 2 condition 


B H B 
Cr i" 2 are shown the distributions of first and second reaction times d 
intervals from 0:05 to 0:40 seconds. On these distributions every complete pair 
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responses has been shown, no matter how atypical. There was a possible total of 
40 pairs of responses at each interval. Failure to respond accounts for about three- 
quarters of the missing pairs, most of these failures occurring at the 0-05 seconds 
interval. Failure in the ink recording accounts for the rest. 


From this figure five points might be noticed. 

rn When the interval between the first and second stimuli is less than 0:25 seconds 
the distributions of the second reaction times show a delay compared with the 
corresponding.distribution of the first. 
_ 2. When the interval is greater than 025 seconds no such shift of the distribution 
is evident—although occasional long values occur in both first and second reaction 
times. 

TABLE I 

MOMS REUNIR A LL a 
For single reactions in 

main experiments 


Mean] S.D. | N 
Per cent. 


No. correctly | Possible correctly 
performed No. performed 


SUBJECT | rst finger, left 
hand .. ..| 0°23 |003 |110 


ist finger, right 


hand .. ..| o:24 |005 |124 
Single reactions in 
main experiment | 0°25 | 0°04 100 117 86 
SubjEcr2 | rst finger, right 
hand .| 0:24 |004 . |121 
2nd/3rd finger 
right hand ..| 0°22 |0:02--| 131 
Single reactions in 
main experiment | 0:23 |0:04 104 113 92 


on times in the control 
or the simple reactions 
ber correctly 


Arithmetical means and standard deviations for simple reacti 
experiment. Also included are the means and standard deviations f 
Which were interspersed through the main experiment, with the num 
Performed as simple reactions out the possible total. 


second by 0-05 second 


3. As the interval between stimuli increases from 0:05 E 
duced by approximately 


steps, the shift in the distribution of second reaction times is re 
0°05 steps. 

4. Subjects performing under the t 
hands) give very similar results. 

5. Apart from the abnormally large scatter (S.D. = 0-08 for subject 1 and 0-09 
for subject 2) for the second reaction times at interval 0:05 seconds, the type of 
distribution is similar for first and second reactions at all intervals. | 

At 0.05 seconds there may be a combination of disturbing factors contributing to 
the large scatter—as well as to the smaller number of completed pairs of responses. 
9-05 seconds is about the time between successive fixations of the eye, and the vertical 


wo different conditions (same or different 
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width of the slit was such that it took the stimulus 0:05 seconds to cross it. If the eye 
tended to follow the stimulus spot down and then jump back there was frequently 
some uncertainty about whether one or two spots had been seen. This, however, was 


the only interval at which either subject expressed any doubt about the clarity of 


the stimulus. 

In comparing the distribution of first and second reaction times the assumption 
is made that the first reaction times are normal—i.e. that they are similar to those 
obtaining for a simple reaction under these conditions. 

The results of the control experiment serve to check this. In Table I are given 
means and standard deviations for the subjects performing a simple reaction with the 
limb indicated. 

All distributions of first reaction times in the main experiment show very similar 
values, giving an approximate mean first reaction time RTy = 0:23 seconds. 

This may also be compared with the values of the reaction times to the single 
stimuli which were interspersed among the pairs in the main experiment. 

Also shown in Table I are the means, S.D’s and number of these reactions correctly 
performed, i.e. without any second response following the first. These again give an 
approximate mean value of 0-23 seconds. 

It has been pointed out that highly practised subjects were used so that nO 
improvement in reaction times was expected during the experiment. This was con- 
firmed by comparing for each subject at each interval between 0-05 seconds and 0°25 
seconds the mean first reaction times during the first two sessions with the mean first 
reaction times during the last two sessions (five sessions in all). Mean second reaction 
times were compared in a similar manner. 

In no case was there any evidence for an effect attributable to practice during the 
experiment. 

In order to explain certain apparent exceptions to the refractory-period theory 2 
process called "grouping" has been suggested. This amounts to receiving two con- 
secutive stimuli as a joint stimulus and performing a single complex reaction to them— 
thus reducing the apparent second reaction time. 

This might be done in the experimental Situation by delaying the initiation of the 
first response until the second stimulus had arrived and then making a double response 
It seems unlikely that this is in fact occurring as the means and distributions of th* 
first reaction times are very similar to those for simple reaction times with the same 
apparatus. 

However, it is possible that second reaction times shorter than the mean value 
might occur in association with first reaction times longer than the mean value, 59 
as a further precaution the product-moment correlation coefficients for the pairs 9 
first and second reaction times were calculated. If there is such an association 4 
should be revealed by a negative correlation between first and second reaction time 

Correlation coefficients are shown in Table II. E. 

Thus except for the one value for Subject 2 at interval o-10 seconds the correlation 
are positive, short second reaction times are associated with short first reaction tin” 

rather than the reverse, which one should expect if a grouping effect occurred. 


The hypothesis we proposed to test was that when 


I< RT, 
RT, = RTy + RT, — I 
and when I > RT, RT, = RTy, i.e. no delay. 


This gives a set of predicted values for RT, at each interval. 


D 
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TABLE II 
lI————c— M5 O 


Inteval (seconds) 
0'05 oIo O'I5 0:20 0'25 
Sunjzcr 1: 
n=NŅN-— 2 .. ix s zal. 26 35 38 35 36 
Y SR a T | +043] + 0:066| +032] 4-0:26| + 0-92 
Whether significant at P = oos ..| Yes Yes Yes No Yes 
Supjxcr 2: 
n=N-2.. ya as isl 3x 2 37 36 35 
Y F 35 Bs = + 0°59 0:64 + 0:85 r 0:21 + 0'50 
Whether significant at P = 0-05 = MES Yes Yes No Yes 


S Mc eee 
Product moment correlation coefficients, v, for the values of first and 
second reaction times in each pair of responses for intervals 0:05-0:25 
seconds. Whether the values of x are significant at P = 0-05 is also 
shown. 
N denotes number of pairs of responses at each interval. 
In this and the subsequent table and figure any pair of responses showing highly 
atypical values has been excluded from the calculation. 
The criteria for exclusion were: 
(a) Any pair in which either reaction time was equal to or less than o:15 seconds. 
(b) Any pair in which the first reaction time was equal to or greater than o-41 
seconds. 
This in fact only excludes r2 pairs out of the whole range of intervals for Subject 1 
and 9 pairs for Subject 2. 


In order to give a precise test of the hypothesis the formula has been applied to 
each pair of first and second reaction times for the intervals 0:05 to 0:25 seconds and 
a x? test of significance for the difference between observed and predicted values has 

een performed. " 

The results of this are shown in Table III. Actual means are shown for com- 
Parison (see footnote referring to Table II). " : 

Thus the only two cases which deviate from the predicted values are for Subject 2 
attheshortest intervals. Itis interesting to note, however, that the deviations result 
from the second reaction time being shorter than the predicted values. It was at 
Interval o-ro for Subject 2 that the only case of short second reaction times correlating 
Positively with long first reaction times was found, so that it seems likely that some 

grouping” effect may be taking place at this interval. 

The divergences, although significant are not large, however. , 

Finally a graph has been plotted for the whole range of intervals showing the 
Means of the differences RT, — RT,, and whether they are significant according to 
the “t” test. 

This is shown in Figure 3. + 

. The rapid and regular decrease of the difference between first and second reaction 
times for intervals less than 0:25 seconds may be noted and two further points deserve 
comment, / 

(1) Although for Subject 2 at an interval of 0:25 seconds the difference RT, — RT, 
15 significantly positive, the values at this interval are still in agreement with the 

Ypothesis of no delay when I>RT,—as is shown in Table III. 
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TABLE III 
. LLoIÍIN e e —— scc ———— ÀÓÓNÁÓM——À 
Interval (seconds) 
0:05 O-10 O15 0-20 | 0125 
Predicted RT, = RT, + RTy — I 
CERE Vr. PM ..| RT, + 0-18] RT, + 013| RT, + 0-08] * j^ 
SUBJECT I: 
ActualMean RT, .. ake ..| 0:40 (0:38) 0:34 0:32 0:27| 024 
x for differences between predicted 
RT, and corresponding actual A 
RT, i RT "m ..|58:1. (32:6) 312 I4'5 11-6 |158 
Number of pairs  .. ps ..|28 (26) 35 40 37 38 
Whether differences are significant 
at P = 0:05 c ee ..| Yes (No) No No No | No 
m. 
SuBJEcT 2: 
ActualMean RT, .. T : 0:38 0:31 0:29 0-27] 0°26 
x! for differences between predicted 
RT, and corresponding actual 
RT, ays aca m ae] «56:55 62-6 3r6 472 |361 
Number of pairs .. ds Ve 33 34 30 38 37 
Whether differences are significant i 
at P = 0-05 a a T Yes Yes No No | No 


1 Test of the hypothesis that when I < RT; RT, = RTw + RT, — Land when I > RT, 
RT, = RTy = Mean RT, for intervals 0-05 seconds — 0:25 seconds. Values of x” for the 
differences between observed and predicted values are shown and whether these differences 
are significant at P = 0:05. 

* At intervals 0-20 and 0:25 some of the values of RT, are longer, some shorter than ms 
interval. The appropriate formula is applied in each case. As Subject 1’s results included 
two atypically long values of RT,, viz.: 0-60 seconds and 0-64 seconds at interval 0" 
seconds, also shown in brackets in this column are the corresponding values when these 
responses are excluded. 


The significant difference in Figure 2 is accounted for by the fact that at the interval 
0:25 seconds several of the first reaction times are in fact longer than the interv@" 
For these values a delay in the second reaction time is still predicted and this resu 
in the significant (but small) difference observed. " 

(2) After RT, has decreased to the approximate value of RT, at I = Rh! 
remains at about this value for increasing intervals until towards the middle of the 
range it tends to get slightly shorter than the first reaction time. e 

"This is an effect of the type noted by Mowrer (1940) and will be considered furth 
in the discussion. 


DISCUSSION 
That there is a progressively increasing delay in the second reaction t to 
interval between stimuli is reduced to less than the first reaction time would wr. ed 
be clearly established, and quantitative considerations support the formula sugges: is 
fairly well. That this delay disappears as soon as the interval between the stimu 
greater than the first reaction time is also clear. 


ime as thi 


“Expectancy” Theories. El 
In view of the fact that some writers, most recently Elithorn and Lawrence ( i ts 


have attempted to account for refractory-period observations in terms of the su 


—S —————— = 
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"expectancy" of responding at different intervals, it may be appropriate here to 
consider the significance of the slight shortening of the second reaction times with 
respect to the first in the interval range 0:40 to o-80 seconds. 

Subject 1 shows this most clearly, with RT, dropping to a minimum of 0-60 seconds 
and increasing again until it no longer differs from RT, at intervals 0:90 and 1 second. 


FIGURE 3 
0:17 
O16 
sugeari vem e e 
0:15 
SUBJECT? ——------—-- 


Values which differ significantly 


from zero thus  ———————— X 


Values which do not differ 
significantly from zero thus 


0:06 4 


Mean of £ (RT;—RT,) (seconds) 


v Interval | (seconds) 


a 


\ 
-30* l. i 
0:30 - 0:40 0:50 


Lal 
Graph showing the mean of Z(RT, — RT,) for both subjects over the whole range of 


intervals, and whether these values differ significantly from zero at P = 0°05 according 
to the “t” test. 


Mowrer (1940) noticed that after subjects were trained to expect a stimulus at a 
Certain interval from the previous one, then if the stimulus was given at some other 
eal the more this differed from the expected interval the greater was the reaction 

ime. 
. There was no fixed optimal time interval which would result in aminimum reaction 
time to the second stimulus. The minimum was given at that interval which the 


Subject had been trained to expect. 
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This would not give a prediction for a situation in which all intervals withina | 
certain range were being reacted to equally frequently as in the present experiment. 
However, an expectancy theory might be extended to cover this situation as follows:— 

ri. The subject reacts most quickly at the interval to which he has been trained. 
Progressive deviations from this interval result in increasing delay. 

2. Where several intervals are used in the training situation the subject reacts 
most quickly. 

(a) at the most frequently presented interval; 
(b) at the interval in the middle of the range. 

There are obviously other alternatives. 

None of these cases, however, deal with any absolute limit on the rate of response 
The value of the reaction time depends on the interval or range of intervals used in 
training. y 

Elithorn and Lawrence (1955) have attempted to account for all delays occurring 
at short intervals in terms of expectancy. 

It is difficult to compare their results with those in other refractory-period expe 
ments as the first reaction was a disjunctive (two-choice) reaction with a fixed fore 
period instead of the more usual simple reaction with a variable fore period. Two 
of the three subjects also appear to be relatively unpractised; delays which have 
interested writers on the refractory period have been those persisting in the face 0 
considerable practice. If the subjects are unpractised, as revealed by improvement 
during the experiment, this will tend to obscure the effects of an absolute limitation 
on performance. 

In so far as Elithorn and Lawrence claim a maximum second reaction time at a? 
interval between 50 and 250 milliseconds rather than at the shortest interval use 
(20 milliseconds) their results appear incompatible with both the above experiment? 
and those of Hick and Vince—unless "grouping" of responses was occurring. 

With regard to the theoretical interpretation, Elithorn and Lawrence use us 
cumulative normal probability curve over the range of intervals to predict the rise 
of expectancy—and consequently the reduction in the second reaction time. Thus, 
if, at any time after the first stimulus, the second stimulus has not occurred, then the 
probability that it will occur in the next moment of time will increase as the interv@ 
gets greater. This, however, is not the curve which fits Mowrer’s results, nor wil 
apply to the intervals 0-40 to 0-80 seconds in the present experiment. In both these 
cases the expectancy follows the normal curve with maximum expectancy an 
minimum second reaction time at the centre of the range. The fact that Elitho s 
and Lawrence also obtain a minimum RT, at intervals 600-750 milliseconds rath? 
than at their longest interval (950 milliseconds) would tend to support the nO 
curve of expectancy for their results, rather than their own view. ple 

The results of the present writer’s own experiments, however, are hardly amend 
to an “expectancy” treatment over the whole range; they indicate a delay wht of 
cannot be overcome by well practised subjects fully aware of what is expected o 
them, when the interval between stimuli is less than the first reaction time. ult 
this value of the interval is exceeded other variations in reaction times may beares 


of such factors as changing expectancy. 


ri- 


General. Conclusions. 

It has been established that discontinuity in the functioning of the operator € (ro? 
but not for so long a period as had been supposed. As the present results D ; 
those of earlier writers some suggestions might be made to account for the discrep 


xist? 


: à 
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It has already been pointed out that some of the early data were not really adequate 
evidence for the theory. 

Furthermore previous writers on the refractory period have grouped together a 
large variety of response situations in their discussions. Thus key pressing tasks, 
situations where the subject has to make a graded movement of definite and known 
extent, and situations where the subject has to follow an unpredictable target have all 
been considered alike from the point of view of the delays in responding that might 
be expected. 

Clearly, however, the control necessary for the execution of the movement may 
be very different in these cases. 

For key pressing the amount of force applied to the key is relatively unimportant. 
As long as it exceeds a critical value the key will open. The "inevitable kinaesthetic 
stimulation” as a result of the movement may be present, but its value is unimportant 


to another the accuracy of his movement will depend on the force he applies. In this 
case kinaesthetic feedback stimuli may be necessary to exercise this control. 

When a subject has to follow an unpredictable target there are further complicating 
factors. After each movement of the subject the position of the cursor with respect to 
the target must be reassessed, usually visually, before the next move can be made. 
If, as has been claimed, corrections cannot be made more rapidly than about two per 
second, it might be this feature of the tracking task rather than occupation with 
kinaesthetic feedback stimulation which results in the limitation. 


It might be argued ‘that with the more complicated situations arising in various 
Skills the delays may depend on the relative amount of information required to perform 
the task adequately. Ta "T- 

However, experiments are in progress to investigate these situations further and 
Tesults so far obtained would seem to indicate that in one further case at least, that is 
for graded movements of fixed extent, there is again no refractory period greater 


than the duration of one reaction time. 
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Central Inhibition: Some Refractory Observations 


Two COMMENTS ON THE PAPER BY ALICK ELITHORN 
AND CATHERINE LAWRENCE 


(Quart. J. exp. Psychol., 1955, 7, 116-27) 


I. By R. DAVIS 
From the Institute of Experimental Psychology, University of Oxford 


eeu RE p of a single stimulus raises the probability of its own response to the region 
abrupt i E the same time it causes the probability of the alternative situation to fall 
fn the SM LR this latter situation will arise sometime the probability that it will occur 
Hush Ra die if it has not already occurred will increase with the passage of 
EIER ee : Ls of the cycle this probability approaches unity." (Elithorn & 
" The first probability here referred to is the probability of one or other of the stimulus- 
eas patterns occurring first. 
aust nie spica probability is the probability of when in the time following the 
pun ; cond wi. loccur. Itdoes not follow that this probability is reduced to a relatively 
we ue as a result of the first stimulus occurring. 
dor ae cause connection at all between the two probability measures. It is 
REA a ake to refer to some single probability level, changes in which are supposed 
Ap ed in changing excitability of the nervous system. 
RRA TE to explain the changes in the levels of probability by processes within the 
EScond snm ane one probability measure is taken, such as the changing probability of the 
Ue ulus occurring as the time interval increases, then it might be possible to identify 
If, ho process in the nervous system with the changing probability level. 
Process d a different set of probabilities are measured, it is absurd to expect that some 
this ch he system we are examining will reflect the change in probability value, when 
i ange is a result of changing the circumstances about which the probability statement 
made. 
T dri ta E of “the process of inhibition or whatever physiological change accompanies 
NINE ey s in probability level'" (and which takes a finite time) involves the con- 
GUN voking a process to account for a supposed change in the organism when the 
a in fact lies in the choice of what is to be measured. 
tena a assumption that the state of preparedness of the subject 
first d oncereduenon of reaction time) keeps increasing with the p: 
Me: mulus has occurred seems in conflict with previously est: 
beers (1940) and also with Elithorn and Lawrence's own results. 
pec imes do not in fact occur at the longest interval. This discrepancy 
n discussed more fully above. 


for the second stimulus 
assage of time after the 
ablished evidence, e.g. 

The minimum second 
has already 


M REFERENCE 
Mowrer, O. H. (1940). Preparatory Set. Some Methods of Measurement. 
Rev. Monogr. No. 52. 


Psychol. 


P. Bv W. E. HICK and A. T. WELFORD 

From the Psychological Laboratory, University of Cambridge 
al refractoriness, in the sense 
ir of successive stimuli, does 


On the other hand, both 
erious criticism. 


The authors deserve credit for confirming that psychologic: 
of the prolongation of the reaction time to the second of a pa 
Tee depend on motor incompatibility between the responses. 

heir theorizing and their treatment of previous work are open to s! 
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(i) The authors attribute to Hick (1948), Vince (1948) and Welford (1952) a “theory 
which holds . . . that the integrative nervous activity of the organism is steplike and 
seriatim rather than diffuse and continuous." We cannot answer for Vince, but for our- 
selves we do not accept this. To import such terms as "integrative nervous activity" and 
“diffuse,” which mean nothing in this context, is unwarrantable. It is the decision process 
that is claimed to be discrete and discontinuous. 


(ii) The authors say: ''Welford's theory implies that the delay . . . will be longest 
when the pair of stimuli are closest together. With Vince's data this is the case, but itis 
not so with the results of the present experiment." The truth is that Vince (loc. cit. an 
1950) observed this seeming anomaly (she was probably the first to do so) and mentione 
it perfectly clearly and explicitly. Moreover, Welford (loc. cit.) put forward three possible 
ways in which it might be brought to conform to the general terms of his theory. 


(iii) The authors state that the inverse relation between the probability ofa stimulus 
and the reaction time to it “was originally demonstrated by Merkel.” 1f they will rd 
again to Hick (1952) they will see that the evidence is that Merkel had no idea that he p 
demonstrating any such thing. Moreover, as he did not say whether he presented t 
stimuli in any approximation to random order, it is not even certain that he can 
credited with an unwitting demonstration. 


be 


(iv) The possibility of explaining refractoriness in terms of expectancy was dic 
by Hick (1948), who pointed out that it would require an ad hoc hypothesis, for whic TM 
made certain tentative suggestions. Welford (1952) developed them in more precise fo 


and showed that they could account for nearly all the data then available. It is true Se 
cents 


es ant 
the corresponding amount of information to be organized (see, e.g. Hick (1952) and Hy mS 
(1953)). For example, if two statistically independent stimuli have to be dealt with, ee 
total organizing time will be the sum of their individual times, which will therefore appe? 
to be incapable of overlapping. 


The most important ad hoc hypothesis in Welford's theory is that, apart from soma 
special cases, organizing time may be appropriated by the confirmatory feedback from : 
response. Since this feedback is essential to learning the skill, it would be gratuitous E 
suppose it is not also needed to maintain it, except perhaps for short periods and whee 
accuracy can be sacrificed. In short, the feedback hypothesis is not strictly ad hoe, sup 
it has some collateral support. (Further support comes from the work of Leonard discusse 
in Welford’s paper.) 


(v) Notwistanding all this, Elithorn and Lawrence proceed, without acknowledgement, 


to state an expectancy theory which evades the need for an ad hoc hypothesis by introduci? 
a logical fallacy. They say: “The arrival of a single stimulus raises the probability of dE 
own response to the region of 1-0, but at the same time it causes the probability of o 
alternative situation to fall abruptly.” It is surely obvious that the occurrence of t i 
first stimulus raises the probability of the "'alternative situation” to unity. The tempore . 
uncertainty remains the same. of course. One has only to write down a list of the poss! rst 
“messages” (right-left at all intervals plus left-right at all intervals) to see that the fi r 
stimulus reduces the prior uncertainty by one "bit." The fact that subjects canno” g 
do not, use more than a small part of this information is what demands explanation, pecat” 

it is what manifests itself as refractoriness. 


s 
(vi) The secondary problem of the reduced refractoriness at very short inter-stimul 
intervals has been tentatively attributed by Vince and Welford to "grouping." T° me 
this a little more precise, suppose the subject expects, in addition to the message-catego 
RL and LR, a third—namely Rand L "together." This third category includes all inter" 
less than the least at which the order of two successive events is reliably distinguishab ent 
is not sharply defined, but is well known to be in the region of 50 to 100 ms. Assum. 
that it is sharply defined (which cannot make a serious difference on the average) and el 
the subject never confuses the three categories, misses a response, or responds prem: t he 
the information transfer will be log (3 + 1) approximately (Hick, 1952). for í 
reaction time for the (double) response to the third category should be about that 5 of 
normal three-choice situation. As far as can be judged, this is of the right Of all j^ 
magnitude. More cannot be said without a detailed analysis and, probably, à spect 


designed experiment. 


COMMENTS ON "CENTRAL INHIBITION” 4I 
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Apparent Fluctuations of a Sensory Threshold 
BY 
R. C. OLDFIELD 
From the Department of Psychology, University of Reading 


CORRIGENDUM 


In my paper "Apparent fluctuations of a sensory threshold" (this Journal, 1955; 7 
101—115), it was stated (page 106) that a sinusoidally modulated sine wave is physically 
identical with the composition of two other unmodulated sine waves such as would 
produce beats. This statement is, however, incorrect in principle. (It may be notec 
that, mathematically, the departure from true sinusoidal modulation in the composition 
of two sine oscillations may be small. The mathematical expression incorrectly use 
for the modulated wave, viz. the first of the two expressions on page 106, differs from 
the required form by the occurrence of (F + f) instead of F in the first term. In Pd 
conditions of the experiment f/F was approximately 1/70. This quantitative aspec* 
however, conceals what is acoustically essential.) into 

A true sinusoidally modulated sine wave is, of course, in general to be resolved «dud 
three pure sine components of frequencies F ("carrier"), (F + f), and (F — f) (5X tn 
bands"). Consequently the further statement made on page 106, that the sine modulatic” 
of a pure tone might equally be perceived as the intrusion of a fresh tone upon the bacan 
ground of an existing one, should be amended to read “. .. of fresh tones." The subjec E 
reports on this experience were not in fact specific as to the exact character of the intrusion 
which, at this intensity, might in any case be expected to be complex. 


A s e 
I am indebted to Dr. Grey Walter for drawing my attention to the erroneous natur! 
of the original statements. f 
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SOME FACTORS. AFFECTING RESPONSE 
: IN RECOGNITION TESTS 


BY 


©. ^, s EUNICE BELBIN and VIOLET R. CANE 
From the Medical Research. Council Applied Psychology Unit, Cambridge 


i prxperimefts were designed to investigate some. of thé factors which might affect a 
ubject's responses in a recognition test. Two experiments are described. In the first, 
Subjects were shown 12 similar photographs. They were then given a recognition test 
UE ue _Photographs, of which a number varying from o to 12 had been shown in the 
hu ginal display. All the photographs were sufficiently alike to. render some 
Be AUS essential. It was found that subjects tended to select approximately 50 per cent. 
dis AE been seen previously ánd to reject 50 per cent.| When a second and similar 
E ay and recognition test followed immediately, there was à tendency for subjects to 
Ser e more “‘yes’’ responses, without any improvement in accuracy. The effect of giving 
pra presenfation first was to increase the number accepted not only in that test but 
o In à test using simultaneous presentation which succeeded it. It was also shown that 
€n a correct decision was possible but difficult a positively correct response (in this case 
Tecognizing something seen before) was easier than a negatively correct one (rejecting 
Something not seen before). y 
d In the second experiment subjects were shown a picture and were then asked to 
escribe it from memory. Immediately afterwards half the group was given, a multiple- 
Choice recognition test while the other half was given a single-choice recognition test. It 
nn found that accuracy and certainty of decision varied with the nature of the choice 
ituation, The results are discussed in relation to 4 theory of adaptation levels. 


I 


INTRODUCTION , 
between two (or more) responses ina situation 
on which to base a decision, he does not, as is 
ponse is one of a sequence his choice tends 
9 be influenced by hi ; nether this is a genuine judgement (Fern- 
his previous response, WA l : : 
erger, 1920; BAE 550 or itself a guess (Arons & Irwin, 1932; Goodfellow, 1938; 
ames, 1954; Karlin, 1951; Verplanck et al., 1952; Whitfield, 1950; Yacorzinski, 1941). 
It is also influenced by the instructions of the experimenter (Senders & Sowards, 1952), 
EN expectation of a particular result induced by the PUE a ae Coat 
43), k ri ses (Jarvik, 1951 and previ c = 

) nowledge of results of previous respon g se is isolated or the first ofa 


ence of a related ki i If the respons 
ed kind (Whitfield, 1950). p 5 AE 
St, past experience, ihe form of instructions and the environment of the experiment 


all affect į A 
t it (Goodfellow, 1938; Whitfield, 1950). 
Th Inthe dure paper eit e ERTE recognit ion-test ge um s 
ese t H = = which have already been disp ayed, 1 
ests consist of some items which ha a sesn previously The items 


| è number of similar items (controls) which have not be 


i 
When a subject has to make a choice 


at provides little or no information up 


d ll known, choose at random. Tf the res 
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are presented éither consecutively in book form or simultaneously on one large sheet. 
Although the results of attempts to validate these tests are not encouraging, very 
little research has been conducted on the way in which the internal features of the 
tests may affect a subject's performance. Postman (r950) has shown that the ratio 
of the number of items which have been displayed previously to the number of controls 
can be an important determinant of choice behaviour. He compared the effect of 
presenting one, three, six or nine controls with the original stimulus and found that 
the number of alternatives was ". . . a significant determinant of recognitive per- 
formance.” In the present experiments we have tried to throw some light on how far 
and in what way recognition responses are affected by, among other things, the 
number of objects between which a choice has to be made and the number of those 
which have to be chosen. . In the first experiment the number of objects out of which 
a choice has to be made is fixed, but the number to be chosen is not specified. The 
objects are shown either serially or simultaneously. In the second experiment one 
object has to be recognized in either a single choice or a multiple choice situation. 


II. 
First EXPERIMENT 

Each of 130 subjects (Technical College students and R.A.F. personnel) was shown 
24 polyphotos—12 photographs of a man (Set A) and 12 of a woman (Set B). These 
polyphotos were displayed simultaneously in two sets for.30 seconds. Immediately after” 
wards the subject was given two recognition tests, one relating to Set A and the other to 
Set B: In each case he was shown 12 photographs, some of which belonged to the se 
shown previously and others of which were new. The new photographs varied in numbe 
from o to 12 for 13 different groups of subjects. Thus, for Set A photographs the first 
group of 1o subjects was shown 12 of the original photographs; the second group was show? 
11 of the original ones and 1 new one; the third group was shown ro originals and 2 ney 
ones, and so on, the thirteenth group being shown none from the original display, bu 
12 new photographs. The procedure was the same with Set B photographs, each subject 
being given the same number of original photographs in Set A as in Set B. Different 
combinations of photographs were used for each subject in every group, as some of them 
m have been more easily identifiable than others. The test procedure was thus 
ollows:— 


Display of 12 photographs Set A and 12 photographs Set B shown simultaneously: 

Recognition Test.—Five of each group of 10 subjects had Set A followed by Set B; e 
other five had Set B followed by Set A. Set A photographs were always presente 
simultaneously. Set B photographs were always presented consecutively- 


Results. d r 
The number of photographs which were selected by each half group of five subjects 
for each condition is shown in Table I. 2 
The maximum number that the total of any one row could reach i$ 24 
(— 5 X 4 X 12), so that there was a tendency to choose about half the maxim" 
number irrespective of the number of photographs actually seen before. The tone 
however, does appear to increase slightly as the number seen before increases jon 
possibility of a steady increase was investigated by including the relevant regress) 


in the analysis of variance which was done on the data. This analysis is presente 


in Table II. Á A 

The effect of test and of order has been compared with the within-group resi 
there appears to be no difference between showing the photographs simultane E 
and showing them consecutively. Order seemed to have some effect; this is t rom 
in detail later, since it is influenced by the interaction. The interaction (une 2 
It 


theform of the experiment isnecessarily influenced by the differences between SU J 
and the two between-group effects must be compared with the subject effect. 


dual; 
ous 


ed 


| 
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TABLE I 
THE TOTAL NuMBER or PHOTOGRAPHS WHICH WERE SELECTED BY THE FIVE SUBJECTS 
FOR EACH TEST CONDITION 


(w) — photographs which had not actually been seen in the display 
(r) — photographs which had been seen in the display j 
RI --———————————: 


Number of 
original CONDITION I CONDITION 2 Total number 
Photographs | (Set A first, Set B second) (Set B first, Set A second) of photographs 
Present in selected as 
recognition d 4 having been 
display Set A Set B Set A Set B previously seen 
w *() |(w) A (w) (9 (wv) (9) 
o» 2 — 25 — 30. == iS 123 
Ix5 26 o 2 2 2 3 24 4 II3 
axs 21 8 22 5 35 8 29 7 135 
3X5 20 10 20 12 2 9 26 MI 137 
4X5 ILI 23 II 2 13 COM DET, 129. 
3X5 18 19 15 18 18 14 202 4 136 
6x5 14 15 15 17 14 17 12 18 122 
2X5 IO 2I 12 24 18, 2 I4  ?7 155 
8x5 6 26 12 2 7 » 28 gr as 139 
9X5 6 26 6 2 8 29 .8 29 139 
OERS 3 19 5 2 9 37 5 34 141 
Es I 2 2 35 2)" 387 I 35 137 
12x 5 eed 2 — 42 LI 20 | — 42 155 
381 431 481. 468 
——GCRSBURENMEEE NEN ee ————————— 


a TABLE II 
Within Mean 
groups of to (same 
number seen afe) sS; af: square v.r. 
Tests (A 8 not sig. 
or B ‘4 13 5 
Order (īst or bay 4: y i Wen B 116:2 218 5 percent. 
€sidual — ., e E E 5,567 Tos 535 
ubjects : p m Y 2 f h 
Interaction Test v. Order " 4,440 13 3476 2t i i 
übjects within sets of five 13,646 104 13 E 
Total within groups ` E ..| 25,918 247 d 
pum Genes: I 1,012 77 I 
Tessio 1,012 , i 
Sud s number seen before; Zoo im 109 ` not sig. 
28,126 _ 259 " 


RCRUM uo s So Poo e — 


Avera e 48 3 
s t to 6:8 out of 12. a . T. 
lope D io obs xe the umber accepted is ine bye 1 when the number 
of photographs that have been seen before is increas y I. S i : F 
whe 
* The proportion of the number accepted out of 12 was transformed to $, v 
(see Kendall, 1946, P- 207). 


= sin-14/D, in order to stabilize the variance 


48 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


be seen that the total number of photographs selected does in fact tend to increase 
linearly with the number seen before, and that there is a significant interaction, i.e 
the effect of order on the two tests is different. 

The fact that the number selected increases with the number seen before suggests 
that there is some real recognition. We have therefore estimated separately the 
probability of choosing a photograph seen before and the probability of choosing à 
photograph not seen before (Table III). The groups were pooled into three sets i 
as to reduce the effect of differences between subjects; the middle set is rather small 
because we wished to restrict it to those groups for which approximately half the test 
photographs were controls. 


à TABLE III 


THE PROBABILITY OF ACCEPTING PHOTOGRAPHS NOT ACTUALLY SEEN PREVIOUSLY 
= p(w) AND OF THOSE WHICH HAD BEEN SEEN PREVIOUSLY = P(r) 
> "i o ee 


Number of photo- CONDITION 1 CONDITION 2 

graphs out of 12 (A first, B second) (B first, A second) 

actually seen in 3 

original display Set A Se B |  SetA Set B Totals 

p(w) plz) | p(w) p(t) | piw) pe) fpo) pe) | pw) p 

0-4 ++] 941 0°58 | 0-48 0:60 | 061  o66 | 0:53 0778 | 0°51 65 
5-7 fq 047 0-61 | 0-47 0:66 | 0:56 0-66 O51 0:66 | 0°50 d 
8-12 e| 932. 0°55 | 050 0:62 | 0:52 0-64 | 0-50 0:66 | 0-46 ° 
0-12 e| 0°41 0°57 | 048 0:63 | 0358 0°65 | 0-51 0:68 | o:50 0:63 


LS ee ——É NU —— 
The important points to be observed from Table III are noted below. 


(x) Each p(w) is less than the p(r) associated with it (i.e. than the one immediately 
succeeding it). This implies that in every experimental condition the chanc 


of selecting a photograph seen before is greater than that of selecting one n? 
seen before. 


(2) Although the total numbers accepted in a test done second (431 and 481) E 
greater than in a test done first (381 and 468) this is not due to an improveme? - 
in discrimination. Any increase in P(t) between Set A done first and Set 
done second is almost always accompanied by an increase in the correspon ing 
p(w), but there is no increase in any p(r) and an invariable increase in P w 
between Set B done first and Set A done second. in 

(3) The effect of doing test B first is to increase the total number accepted a 
test B, and also in test A which follows, (Table I) but again this is not es 
to any improvement in discrimination, since for Condition 2 as à ur. 
p(w) = 0:55, p(t) = 0:67; while for Condition x p(w) = 0-45 and p(r) = ? (1) 

(4) We see from the totals that when all four tests are pooled both p(w) and P 
decrease as the number of photographs seen before increases. 


This last point suggests that the subjects are partly adapting their behaviour 
such a way as to select a fairly constant number of the 12 photographs shown, altho tis 
some real recognition is still influencing their results. Table IV helps to clarify i 
point. The first column shows the number of photographs that would be accepte the 
each of the three cases if p(w) and p(r) were 0:50 and 0:63 in each case, ie i 
overall proportions of acceptance both wrongly and rightly remained constant 


0 
changes in the proportion of original photographs present. The second column shi 
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Pr number that would be accepted if the overall probability of acceptance remained 
Meg at 0:565 (the average of o:50 and 0-63), i.e. if subjects chose always the same 
Proportion of the photographs in the test. The third column shows the observed results. 


TABLE IV 
a EEE o S 


Number that would be accepted if— 


Number of photographs . p(w) Number 
out of 12 actually seen Rate p p(w) + plr) actually e" 
in original display Constant Constant accepted " 3 
0-4 » 625 677 4 637. i 
aig. Wi Ue 407 407 413 ** 
B-I2 4. ^ 729 677 "b 
1,761 1,761 1,761 


h.e c] es 


It can thus be seen that the number actually accepted represents on the whole a 


"REO between Columns 1 and 2. 

fiv re seems to be some confirmation of such 

from hed figures (Table V) which show for Test B the number of p 
he first six in the series and from the last six in the series. 


adaptation of behaviour from the 
hotographs selected 


TABLE V a 
RAPHS SELECTED FROM THE FIRST 


THE NuMBER OF PHOTOG: 
1 THE LAST SIX IN THE SERIES 


SIX IN THE SERIES AND FROM 


(Set B) 
Number of r 
control items Proportion of Proportion of 
out of 12 first six chosen last six chosen 
8-12 149/300 = 0'50 172/300 = 0°57 
5-7 103/180 = 0°57 103/180 = 0°57 
9-4 187/300 = 0°62 185/300 = 0°62 


a “A ee LL - 


random order we should expect the propor- 
d six in each row of the 


Since the photographs were shown in 
s, and this in fact is 


dt gue to be the same for the first 
fouhas p(w) and p(r) remained the same t 

In the last two rows of the table. 
E, subject behaves as though he he 
Sept ne ne by choosing more towards the ond, ! 
ot Sop <™Y-one subjects reported that they found the simultaneous presentation 


e easier t] 
uu han the consecutive presentation of Set B; Ry ) N | 
Prefe ence, nv 3 AnA E Dy go P S Wd SENN NY 


The bi 
te results of this experiment su Y : 
expo may be determined by tie Loth number E E nÁ - 
feberiment was designed with an arbitrary tots) et 12 ves i 
in a pilot experiment with a total of 10 items, it is of importance to note, 
er, that the present experiment used the same total number of items in the 


USSON 
t that t 


OWey, 
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original display of photographs as were used in the recognition test. The extent to 
which the relationship between number orginally presented and number presented in 
the test affects the results is a matter for further experimentation. ¢ 
Whitfield (1950) has suggested from his experiment with an imaginary questi 
naire that where doubt exists in a test the number of “yes” responses is greater than 
50 per cent. of the total. In the present experiment, however, it was shown that the 
number of “‘yes’’ responses in excess of 50 per cent. of the total was proportionate to 
the actual number of items that had been seen before. A further comparison with his 
results is of interest. It will be seen from Table V that the percentage of initial “yes 


responses in his experiment well exceeded the percentage in the present experiment: 


on- 


TABLE V 
PERCENTAGE OF INITIAL “YES’’ RESPONSES 


Present Imaginary questionnaire 
' experiment, — f 
12 questions 10 questions 14 questions 
Percentage of initial “yes” responses 
to the total initial responses 63 87:5 82:5 


Whitfield in his experiment used test-sophisticated subjects. The subjects in the 
present experiment were unlikely to have been familiar with the procedure of recog” 
nition tests. The effect of previous experience on test results is suggested by h 
significant difference which was found in the present experiment between tests dom 
first and tests done second. Thus in any further experiments which are con uc Pd 
to investigate the nature of responses in a choice situation it seems essentia the 
subject differences should be taken into account. This need is further emphasize 
an investigation by R. M. Belbin (unpublished paper), who used a recognition tes 
a criterion of amount learned by older and younger people. He noted that there M. 
a significant difference in the “yes” responses in recognition tests between people ME. 
50 and those under 50, those over 50 tending to accept doubtful items much m? 
often than the younger subjects. : 


III 
SECOND EXPERIMENT 


The following experiment was designed to assess to what degree and hora 
multiple-choice test as compared with a single-choice test may affect a subjec 
decision in identification. 


Experimental Design é 
A picture was shown to each subject for 5 seconds. He was then asked to describen 
much of it as he could from memory and was immediately afterwards given a reco "ouf? 
test. The 60 subjects (research students and naval ratings) were divided into tw? 
as follows :— bic 
Group A was given a multiple-choice recognition test. They were asked to say per » 
of six pictures they had seen previously. The pictures differed from eae g 
one detail only. wn 
Group B subjects were given a single-choice recognition test. They were Er. it vo 
picture which they had originally seen and were asked to say whether Or no 


the original. . 
Each subject was asked to give his response on a three-point scale of certainty. 


e 
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RESULTS 
Table VI shows the number and degree of certainty of responses of the two groups. 


Number of subjects giving Number of subjects giving 
correct responses " incorrect responses 


Very Sure | Sure | Doubtful Doubtful | Sure | Very Sure 


Group A m 8 5 
Soop B 3 3 à ^ 6 o 


EWEO| 7 0| 0j * Lo 9 i 


a Group A—when a subject chose a picture other than the original. 
or Group B—when a subject said “No, that is not the original.” 


. Incorrect responses were scored as follows :— 
ek appears to bea difference in quality of response between Groups A and B in 
SERE we were nine responses of which the subject was very sure in Group A and only 
respons roup B; this difference is not, however, significant. The number of correct 

S pd appears very different in the two cases, but itis not really possible to compare 
am ae it is not clear how far random guessing is involved. For Group A we can 
Grouse corrected score as Postman does, but the method cannot be applied to 

| een aj li The reason for this is perhaps worth considering since the correction has 
i in the single choice case by, for instance, Votaw (1936). 
accepting j : the probability of truly recognizing the picture and consequently of 
Probabilit it; then I—P is the probability of not recognizing it. Let p(w) be the 
of cho ity of choosing a picture that is not recognized. Then the total probability 
osing the correct picture is p(x), say, where 
i p(t) = P + (1 — Ppt) 
Write E for the average over the population of subjects. Then 
E(p(2)) = E(P) + E(p(w)) — E(Pp(w)) 


, In the multiple choice experiment it is reasonable to assume that p(w) — 1/6, 


Sinci 
€ each alternative picture differs in only one detail from the true one and so one 
o be selected when there is no true 


m 
E Suppose that each of the six is equally likely t i 
gnition. In this case P and p(w) will be independent and the equation above 
€comes 
E(p(r)) = E(P) + 1/6 — 1/6E(P) 
E(p(r)) — 1/6 
EP) =~ Tae 


E H H H 
(br) may be estimated by the average number right per subject, in this case 7/3, 


corrected score. 


Si — 

2 E(P) = UES x 2/25 0:08 and this is the average 
fcis ‘ 
thi Votaw uses a formula similar to the last in the single choice case, taking NIT " 
ye S, however, assumes not only that on the average a subject is equally ; e yt y 
mue T no when he does not know the answer, but also that zi chu i à gyes 
isi : W v vA 

© is independent of his power of giving the true answer. The res E dents 


et à 
al. contradict the first assumption, and there appear? to be no exper 


second. Thus the apparent simplicity of the 


| © Way or the other with regard to the 
* r 


single choice method is misleading. It is possible, of course, to estimate p(w) for each 
subject by giving him single choice tests in which he is shown one of the alternative 
items, not the one previously seen; but such testings would have to be separated in 


time since the data of the previous experiment suggest that in a serial presentation 
successive responses are not independent. 
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IV 
Discussion 


In tests of recognition subjects are asked to discriminate between items which 
have and have not been exposed previously. Zangwill (1939) has shown how out- 
standing detail provides the principal clue in identifying material under experimenta 
conditions. In these experiments, however, as in most recognition tests used in the 
laboratory, no one item had any detail which made it outstandingly different front 
any other item. Thus, when attempting to match the items with the image of the 
original, identification was likely to rest only on a feeling of familiarity—or more 
probably on a feeling of unfamiliarity. Since only barely discriminable difference? 
separated the items none of them were likely to be totally unfamiliar. The subjec 
must gradually have begun to realize that identification was determined by the items 
being more or less familiar. He had therefore to provide himself with a scale or leve 
of relative familiarity. Since his image of the original will have been affected by the 
interpolated activity of looking at other similar items, this scale or level will have 
changed schematically as he progressed through the test. sa 

It would appear then that the process of recognition in this type of situation i5 2 
matter of making a judgement very much akin to the type of judgement require T 
psychophysical experiments on thresholds and a phenomenon similar to the “cent! 
tendency” or "level of adaptation” may well determine identification. ich 

Michels and Helson (1949) define the adaptation level, A.L., as that level whi a 
evokes a neutral response. (Thus, in judging weights, a stimulus above the A-L- E i 
judged as heavy, one below the A.L. as light. They suggest that this A.L. is dete 
mined not only by the stimuli judged, but by all other stimuli present as a backgroun y 
and residual stimuli from past experience. They appear to consider that the stimt 
can be correctly judged, that is, correctly ranged on some scale, but that the resP™ e 
given varies because the point of reference, the A.L., itself continually varies 25 ^ 4 
experiment proceeds. They imply that the A.L. is determined by the subject's E 
to make his scale of judgements cover the ránge of stimuli considered in some PP); 
priate way. Thus the A.L. may be regarded as determined by the range of the stin id 
so far seen and the subject’s idea of the frequency with which his responses 5 ai 
come into the various judgement categories. no 

In recognition tests of the type which we have considered there is, of cours? je 
absolute measure that can be applied to the stimuli. We can, however, in the si 
case of our second experiment think of the stimuli as being ordered on a scale © Mo 
the left-hand end represents “same” and points to the right of this represent VEA we 
degrees of difference. In the more complicated situation of the first experi" ie 
have to think of twelve parallel scales all considered at once, one for each ©’ of 
original photographs. The position of the A.L. is represented by the num 
objects accepted. t ms {0 

This interpretation of the problem as one of scaling the items in the tests wo 7 ect 

be borne out by the subjects’ own comments. Unless a subject recognized the € ol 
item immediately it seemed that he collected all possible similarities between his the 
of the original and the other items and proceeded by a method of reject 
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unfamiliar. Practically every subject in the second experiment made his final selection 
In the test by eliminating what he thought were unlikely items and by accepting 
implicitly the fact that it must be one of the items. Only three of the subjects showed 
any doubt at all that the original was actually present. 

It seems then that experiments of this type depend, apart from the material used, 
on the range of stimuli used in the experiment and the fineness of discrimination 
Tequired (which may be determined by instructions or simply by the subject's own 
ideas of what is fitting). Similar variables must also influence other choice situations 
Where an element of doubt is present, such as, for example, responses in intelligence 
tests, in Parapsychological experiments or in time-study ratings. There exists as yet 
no theory by which the effects of these variables can be predicted. Overall formulae 
used in recognition tests to compensate for the “‘error of falsification” (i.e. the assess- 

; Ment of the number of items which are likely to be accepted erroneously) are, in our 
Present state of knowledge, quite meaningless. 
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REDUCED CALORIC INTAKE ON “BEHAVIOUR UNDER 
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From the Department of Psychology, University College London, and the 
Department of Nutrition, Queen Elizabeth College, University of London. 


The main purpose of the investigation was to determine the effects of thiamine deficiency 
in rats on behaviour under stress and on learning. Since thiamine deficiency reduces ^ D 
intake, it was necessary to have two controlgroups. The first received adequate thiamin’ 
but a food intake reduced to that of the vitamin-deficient animals; the second receive 
adequate thiamine and an unrestricted food intake. It was thus possible to study T. 
effects both of thiamine deficiency and of reduced caloric intake on the behaviour varia 
measured. Tt, " ut 
The experimental group was maintained on a thiamine-deficient diet throughor 
* the entire experimental period. Because of the effects of thiamine deficiency On calo at 
intake, food-hunger was never used as a form of motivation, Behaviour in four differe 
situations was studied: in Hall's open-field test, in two discrimination situations 
involving exposure to insoluble and soluble problems, and in a water maze. ts of 
Contrary to the findings of several previous studies, there were no significant effec ting 
thiamine deficiency on behaviour prior to the onset of polyneuritis with its debilita the 
effects on motor co-ordination. There was also no evidence of impairment in any 9 was 
behaviour studied which could be attributed to restrictions in.caloric intake. This) 7 
- the case even though the restrictions continued for a period of somewhat MOF soci- - 
twelve months. Although these restrictions did not lead to impairment they Were eer 
ated with certain changes in performance. Animals whose feeding was restricted V re 
more active and, during the soluble phase of one discrimination situation, showe " me 
vicarious trial and error and learned more readily than animals fed ad libitum on the 5% of 
diet. It is suggested that these differences may be interpreted in terms of the efie 
what previous investigators have referred to as "irrelevant drives.” ! 
å 
4 I 
# + * INTRODUCTION 


Systematic investigations of the behavioural effects of nutritional deficie 
important for at least three reasons. First, there is the purely practical nec 
obtaining information on possible ways in which various types of nutritional de 
affect-the behaviour of an organism. Second, the induction of nutritional defi iro 
may be employed to obtain additional information on the relations betwee? Pate 
physiological processes and behaviour, since changes in central nervous sy; nd 
activity may in some cases be inferred from the resultant behaviour patterns | pe 
conversely, if the biochemical concomitants of the deficiency are known, they, md! 
used as agents for producing “biochemical lesions" in the nervous system. T p” 
in studies of the learning process food deprivation is widely used to motivate e pas 
mental subjects. It is well known that the generality of laws postulated on its aft 
of such studies is often restricted to one type of learning situation and the Ter very 
frequently not reproducible. It may be that the reason for this lies partly 1? t cei 4 
general nature of the commonly used "drive" concept. Deprivation could be M ,9P 
to precipitate behaviour patterns which may not only vary with duration, on» ty o 
the time-intervals between it and behavioural tests, but also with a grea Y 


ncies a 
essitY d 
jen 
fio jes 
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biochemical processes affected by specific deficiencies. It is possible that “specific 
hungers" may result in specific behaviour patterns which would depend on the 
complex inter-relations between the physiological processes involved and the types 
of behaviour investigated. j 

- Studies of behavioural effects of thiamine deficiency are particularly interesting 
In view of the effect thiamine reduction has on the carbohydrate metabolism of the 
brain. Thiamine deficiency affects the normal oxidative mechanism of the brain and 
it has been claimed that such effects impair the learning ability of experimental 
animals. Some results have been obtained which purport to confirm this hypothesis 
(e.g. Maurer, 1935; Stevens, 1937; Poe, Poe & Muenzinger, 1937 ; Biel & Wickens, 1941). 


t appears from these reports that at least three variables are important with regard 


be the effects of thiamine deficiency on behaviour: the age at which the deficiency 
“gins, the duration of the deficiency, and the length of the time interval, if any, 
panveen supplementation of previously deprived animals and the beginning of 
aia observations of behaviour. These three variables have not been con- 
oe Systematically in previous behaviour studies. - Frequently, food deprivation 
P4 een used to motivate thiamine deficient animals in experimental situations; the 
eee effects of thiamine deficiency on caloric intake, with anorexia as one of the 
Bro Ptoms, makes such a procedure dubious. Other controls and checks, e.g. on 
Wth rates and food intake, have also been neglected. , . 4 
he present study was designed to determine whether or not impairment in 


behay; 5 ; 
aviour would occur when these various matters were taken into account. Behaviour 
The three used techniques 


or Observed in four different experimental situations. i 
.eXposing the subjects, male hooded rats, to "stress (Russell, 1953), techniques 
ich have been used extensively for research in experimental psychopathology. 


eet these provided measures of behaviour during and after exposure to stress. 

Ourth situation yielded conventional maze- T 
: i 

T METHOD 

a Es experimental design is shown in Table 1. 

€ral control group, a thiamine-deficient gr 


learning scores. 


la 
f Si Served as a control for the effects of reduced caloric intake in the menia 
the meet group Only the general control group received an ad libitum supply o: 
necessary dietary components. 
Gy | TABLET , 
EXP - 
Gy Phases j 
0 
meee | Diets I 2 d 3 , i 
; Thiamine- Open-field ` Insoluble Iis p M eeri 
Supplemented test problem 1 problem 2 
| ad libitum = 
I Thiamine- Open-field Insoluble ele W atea 
deficient test problem 1 problem 2 
ad libitum © 
Ty Thiamine- Open-field Insoluble Insole y S 
supplemented test problem 1 pro 
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Subjects. 


Twenty-one male hooded rats of a highly inbred Lister stock from the animal colony 
of the Department of Nutrition, Queen Elizabeth College, University of London, serv 
as subjects. Males from five litters weaned at 23 days of age were selected, and were 
divided into seven litter-mate trios by weight. Between 49 and 51 days of age the animals 
were assigned to three groups in accordance with customary litter-mate-control techniques: 
At this time they were started on the feeding schedules and diets appropriate for the 
groups to which they belonged and they continued on these diets until the investigation 
was completed. 3 i 

A general routine for handling the animals was followed daily throughout the experi- 
ment. In the morning they were weighed and fed thiamine supplements where requiret 
and the food left in their feeding jars was also weighed. In the afternoon the animals 


were taken individually from their cages, given the appropriate trials for the day, aP 
returned to their cages. 


FIGURE r 
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The curves represent the median in grms. of the body weights recorded 
per day for animals in each group. 
Diet and Growth. " 


Table II shows the composition of the diet and of the supplements. Grow quss 
general control group, was allowed an ad libitum food intake, supplemented with Tor +h! ct 
doses of thiamine. Group II was maintained on a thiamine-deficient diet. & erie” 
animals the daily intake of thiamine was 5 ug., an amount which previous e 
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sugge: i ] P 
P mould give suboptimal growth, but would not lead to polyneuritis or death for 
of food Ses (Yudkin, 1949). Animals in Group III received daily the amount 
their diet was AE on the preceding day by their respective litter-mates in Group II and 
he eats PP emented with adequate quantities of thiamine. ji 

tO the nearest avere y eighed five times a week and their food intake was checked daily 
animals in mu ee After 19 days on the thiamine deficient diet, growth rates of 
his Ciiferentivics I and III became significantly less (p = < 0-05) than those of Group I. 
curves for tha ion of the groups is shown in Figure 1, which presents the median-weight 
experimental ; enere period of the experiment. The food intake of Group II and, by 
intake of Gro artifact, also of Group III dropped considerably below the corresponding 
intake are d I when the growth rates became differentiated. Curves for median food 
A plotted in Figure 2. Observations of behaviour in the first experimental 


situation 2. 
began after growth rates had continued to be significantly different for three 


consecutive days 
FIGURE 2 
FOOD INTAKE 
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T Days 
rs [nid curve represents the median in grms. of the food consumed per 
food io troup I. The lower curve represents the median in grms. of the 
Median nsumed per day by Group Il. The dark curve represents the 
isconti in grms. of the food given to Group III. This curve was 
Pero after 105 days since Group III consumed the whole of the 

Od given to them (identical to that consumed by Group II). 


ed as a form of motivation 
se primarily from, first, 
and, second, the effects 


„Itis ir 
in the edunt to emphasize that food-hunger was never us 
dt rigorous See The reasons for this are apparent and ari 
thiamine d etary controls required by the experimental design 
eficiency, e.g. anorexia, on caloric intake. 


TABLE II 

a Diet 

Sucrose A ^ .. 600 gm. 

Low vitamin casein. . .. 200 gm. 

Arachisoil .. SC xw TO gm. 

Salt mixture aa ve ASO gm. 

Dry vitamins (DV2) "+ 7osso2 gm. (see DV2 below) 
Choline chloride — .. 3t 1:0 gm. 

L-Cystine .. e t. 2:0 gm. 


Dry Vitamins (DV2) per kg. diet: 


Inositol ET ; 200 mgm. 

Nicotinic acid 4 100 mgm. 

Ca-D-pantothenate . . 100 mgm. 

Para-aminobenzoic acid .. 75 mgm 

Riboflavin .. ži 4m ot? m) 

Pyridoxin .. y -| 8 mer 

Biotin M om i 
Folic acid To ETA 
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SuPPLEMENTS 
1. Thiamine (Vitamin B,). Each animal in groups I and III received daily 20 58: of 
thiamine diluted in 0-5 ml. N/500 HCl containing 25 per cent. alcohol. Animals in group 
received daily 5 pg. of thiamine diluted in o:5 ml. alcoholic N/500 HCl. 
2. 100 mg. C.L.O. containing 400 ag. of Vitamin K were given twice weekly to 
animals. 
3. 2 mg.a-tocopheryl acetate were given once a week to all animals. 


all 


Open-field Test. 

This experimental situation has been frequently employed (Hall & Ballachby, 1932; 
Hall, 1936; Billingslea, 1942) to assess differences in what Hall believes to bethe emotionality 
syndrome of the rat. A circular field, 6 feet in diameter, was zoned off by a fence 18 inch 
high and illuminated by a 200-watt electric bulb suspended over the centre. The floor 9 
the field was divided into segments by drawing concentric circles and lines, thus enabling 
an observer to record a subject’s movements during each trial. The animals, now 70-7 
days old, were placed singly in the field and left there for 2 minutes. This procedure W 
repeated on twelve consecutive days and the following observations were recorded : amoun 
of locomotion and frequency of urination, defecation, rearing and preening. Hall ae 
others (e.g. Billingslea, 1942) have claimed that high rates of defecation and urination 
together with inhibited locomotion are correlated and that they form a reponse syndrom 1 
tentatively labelled “emotionality,” which is genetically determined. Rearing ES 
preening have been referred to by other investigators as “displacement activities: 
Basically this apparatus provides a mildly stressful situation in which avoidance reacti e 
are produced by flooding the field with the bright light and actual avoidance preven on 
by the restraining walls of the field. In Hall's procedure the animals are usually kept 
a hunger Schedule and food placed in the centre of the field under the lamp. For reas! 
already given this aspect of the procedure had to be omitted in the present study. 


Insoluble Problem 1. 


p Ten days after completion of the open-field test observations were begun in th 
insoluble problem situation. The animals were then 91-93 days old. The proce ure sol 
been used extensively (Maier, 1949) in studies of “abnormal fixation” and other forme 
aberrant behaviour. Essentially it consisted of two phases. During the first, observa jon. 
were made of the animals' reactions when forced to respond to an insoluble discrimina 
problem and, during the second, the after-effects of this treatment were studied in t€ ly 
of the animals' behaviour in a soluble discrimination situation. The apparatus, origin ley 
designed by Lawrence (1949), was in all essentials analogous to the familiar an er 
jumping stand. Since it was impracticable to use food as an incentive, the anima "pein£ 
forced to respond on each trial by being gently pushed from the starting box. c ed 
pushed they had to jump to one of two landing platforms, either of which could be 10 was 
in position and therefore be "safe." Ifan animal jumped to the unlocked platform A was 
punished by falling into a net slung below. After preliminary training each anime jg 
presented with an insoluble problem by varying the side of the safe platform in à T roxi “ 
order. The nature of the problem was such that the animals were punished on apP 
mately 50 per cent. of their trials. Ten trials a day were given for ten days. f «for 

After these roo trials the problem was made soluble by associating the safe pla tine 
and the corresponding side of the supporting frame with black cards, thus differen. a fof 
it from the white of the unlocked platform. The animals were given ten trials 2 © gf th 
30 days, at which time none of them had shown any sign of learning and this phas 
experiment was discontinued. 1 


e first 


Insoluble Problem 2. nist 
Sixteen days after completion of the previous observations trials began in m ed of 
experimental situation, the animals being 152-154 days old. This situation cons, ju 
an insoluble discrimination problem similar in general characteristics to the OD" ht 
described, but differing in mode of response and in means of inducing a response " 5n 
apparatus and technique have been described in detail elsewhere (Russell & Pretty, def v 
Knopfelmacher, 1953). The animals had to swim the length of a straightway in doo 
reach two doorways through which they could escape from the water. In each € ien 


tet 
a door was hinged in such a fashion that it could be locked or unlocked by the experi 
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An insoluble 

Iu D. problem could be presented by locking and unlocking the doors in a random 

water, while & Sp onse to the unlocked door was reinforced by immediate escape from the 

animal ae sponse to the locked door was punished by delaying escape until the 

abies ound a partition between the doorways and pushed through the unlocked 

After imi a 

at the Ey training, the animals were given roo trials on the insoluble problem 

Soluble by alw. Ive successive trials per day. The problem was then altered so as to be 

the locked A s ays Placing a black panel above the unlocked door and a white.panel above 
or. The position of the unlocked door was varied from one doorway to the 


other i 
n arandı " " 5 c * 
andom sequence. The animals were given five trials each day and the learning 


Criterio; 
n wa: * ; É 
s reached when an animal swam to the unlocked door during all trials on two 
did not reach the learning 


Successive 3 : 
Criterion iria Some animals with strong position stereotypes 
Cent. of the murem trials and, thus, continued to be punished on approximately 50 per 
unlocked door als. For them the procedure was changed so that the black panel and the 
Tesponse with MEC always on the non-stereotyped side, thus associating the stereotyped 
Vhen an anim; iis per cent. punishment. The stereotype was considered to be broken 
Unlocking the e made ten correct responses and the random sequence for locking and 
Procedure for b; QOIS WES then resumed. If new position stereotypes were set up, this 
faileq to reach reaking them was re-introduced. Even under this procedure a few animals 
Using the Tech, the learning criterion within 300 trials and were then given "guidance" 
Unlocked side HE suggested by Maier (1949). This consisted of guiding them to the 
Teached the | Ww henever they started to make an incorrect response. The slowest learner 

earning criterion within 140 trials after this technique had been introduced. 


L 
ashley Number III Maze 


Certain “ue. 
Of furt results obtained in the water discrimination situation suggested the desirability 


er tes peer F 
ests for variability of learning among the three groups. Lashley's Number II 
of motivation (Braun, Russell & 


-393 days old. After preliminary 
one trial being 


iven per 

day : bier 4 
Maze Without - The learning criterion was reached when an animal swam through the 

error on two consecutive days. 
HL . í 
Titanate: RESULTS pes 
9od's (x ysing the results for significances of differences among the various groups - 

terms of a) distribution-free median test was used. “Significance” is defined in 


he 5 per cent. level of confidence. , "o 


Open-fietg Test. 
of locomotion and frequency 


he m 
e 
ot Wilson ea of performance recorded were amount of 
er n, defecation, rearing and preening. None of these measures showed’ 
| thiamine deficiency. How- 


eni À 

> E eh could be attributed to the effects of the 

Ounts on on limited caloric intake did show signi 
locomotion than those fed ad libitum. 


I: 
"Soluble Problem x 


XPosure to th f 
S e stress of insoluble proble d 
Patient research customarily leads e the establishment of stereotyped DEREN 
Showed» (e.g. Maier, 1949; Russell & Pretty, 1951) Observation of our aiim s. 
Tespong, very clearly that the stereotyped behaviour took the form of nea 
Platto ©, i.e. the animals tended to respond during each trial by jumping 2 EE sd 
Was 7 regardless of their experiences on previous trials. The following te ; w 
beha Sed in order to arrive at an estimate of the consistency of these mde yp d 
divi ee patterns. The roo responses in the insoluble p ee x vee 

into sets of ten and for each set the number of the preponderé ing resp 


Ver 
ficantly greater (p<o-01) 


m situations of the kind employed in 


uU 
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was noted. For instance, jumping three times to the left and seven times to the right 
was recorded as 7." The reverse, three jumps to the right and seven to the left, was 
also recorded as "7." When the number of left and right responses was equal, E 
was assigned. For each animal and for each set of ten trials a score was obtained, 
representing the mean consistency with which an animal responded. The graph on 
the left in Figure 3 summarizes the results of this analysis. It will be seen that highly | 
stereotyped behaviour patterns developed very early during exposure to insoluble | 
problem 1, but they never reached a continued level of 100 per cent. consistency- 
Analysis of the median scores for the total roo trials showed no significant difference 
among the three groups of subjects. > i 

Abortive jumping, i.e. jumping in some direction other than to the landing 
platforms, occurred occasionally. Analysis of this form of behaviour also reveale 
no significant differences among the groups. 

It is customary in using the present technique to study the after-effects of exposure 
to the insoluble problem in terms of measures of performance in a new but similar 
soluble problem situation. In the present instance this situation consisted of n 
problem the solution of which depended upon learning to discriminate between white 
and black cards. None of the animals learned this discrimination in 300 trials, k 
which point practice was discontinued. It was possible that, despite this failure 9 
reach any reasonable criterion of learning during the 300 trials, the animals mie 
have shown certain signs of learning on the basis of which the groups could be dist 
guished. One of these signs in discrimination learning of the kind involved in p 
present research is well known as “vicarious trial and error," or “VTE” (Muenzinge 
1938). As Munn (1950) has pointed out, “It is quite apparent . . . that until sue 
behaviour appears there is little apparent progress toward solution of discriminate’ 
problems." VTE is of particular importance in studies of the present kind, 9! 
it is one of the first signs that behaviour stereotypes are being broken, à necessdt? 
antecedent to the learning of the soluble problem. Analysis of the frequencies Mor 
which VTE occurred during the soluble phase of this first discrimination situa. 
revealed no significant differences among the three groups of animals being teo 
There were also no significant differences among the groups in regard to their medie, 
percentages of correct responses. The performances of these animals contraste M e 
strikingly with normal control animals, run in previous experiments on the S E | 
apparatus, but with food-hunger motivation and no exposure to the insoluble proble 0 
who reached the criterion of ten successive runs without error in an average ? 63 
trials and with a range of 20 to 100 trials (James, 1954). 


Insoluble Problem 2. j 
iding 


The second insoluble problem situation was similar to the first in prO” ape 
situation for the establishment of position stereotypes, but differed in that. "2 3 
from water was used to motivate responses. The graph on the right in Fi e 
summarizes the results of analysing for consistencies of behaviour applying the > It 
technique as used in describing the corresponding data from insoluble problem Py 
will be seen again that highly stereotyped behaviour patterns developed very con 
Although the normal control group took somewhat longer to reach 100 per cen” ent! 
sistency than the other two groups, it is interesting to note that, once the 100 e fere 
level was reached, there were no deviations from it in any of the groups. This Md ot 
from the corresponding performance in the first insoluble problem situation f the 
variations from this level occurred frequently. Analysis of the median score 
total roo trials again showed no significant differences among the three gro 


subjects. 
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FIGURE 3 
BEHAVIOUR STEREOTYPES DURING INSOLUBLE PROBLEM 
Problem I Problem 2 
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Boon the other hand, differences among the groups were clearly apparent when 
ormances during the soluble phase was analysed. Table III summarizes the per- 
elow ie. of the three groups, first in terms of the numbers of animals above and 
of anim i median scores for all animals on measures of V TE and, second, the numbers 
ent m learning under 50 per cent. punishment, and under xoo per cent. punish- 
Wo mea guidance, There were significant differences among the groups on these 
Wo Rey but the differences were not between the thiamine-deprived and the 
‘its ster rol groups. It was the caloric control group which showed signs of breaking 
than cotyped behaviour patterns and of learning the soluble problem more rapidly 


an tl E ES 
Whi 1e other groups. These were the animals who were on a restricted caloric intake 


|) 3 4 $& 6,7 8 9 10 ! 
Groups of ten trials 


Oric 
of VTE 


Som With their stereotyped responses was increase 
€ had to be given “guidance” be 


e " 
e TABLE III , 
OLUBLE PHASE 


INSOLUBLE PROBLEM 2: ya Group 
Behay; " II 
1 “haviour Measure ; 3 7 
" VTE Above median M A " [ 
Below median a 4 
LL Learning under 50 per cent. punishment. wo X 
earning? 4 ent 
Learning under roo pet cont: p e 7 3 
Es 4 and guidance -- VE ienificant (p< 9°01): 
2 The differences between Groups J and I Il are Sg d III are 


z ups II an 
ifferences between Groups I and III, and between Group: 
Significant (p< 0-05). 
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Maze Learning. | 
The number of trials to reach the learning criterion and the total number of error 
made during these trials served as the measures of performance in the water maze. 
Figure 4 presents learning curves for the three groups. ]t is clear from these curves 
that the thiamine-deficient animals (Group II) as a group, were behaving quite 
differently from animals in the two control groups. During the learning all but two 
of the animals in Group II began to show the signs of muscle rigidity and motor 
inco-ordination associated with polyneuritis. One of the affected animals died an 
the locomotion of the others was seriously impeded. The degree of the impedimen 
varied from day to day and was associated with an increased scatter of error scores: 


FIGURE 4 
LASHLEY III MAZE. ERRORS DURING LEARNING 
: E Groupe) 
——— Group ll | 
1 pase, Group Wt | 
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Median errors 


H > J j 
As shown in Figure 4, when the polyneuritic animals are excluded from Grou? ted 


differences between it and the other groups disappear. This observation 1$ su 
by statistical tests for the significances of the differences. 


IV 
DISCUSSION 
Three main points of interest arise from these results. 
Effects of Thiamine Deficiency. cant 


There is no evidence from our results that thiamine deficiency had any sig E 
effects on the types of behaviour studied, i.e. behaviour under stress and ! usc 
performance, prior to the onset of polyneuritis with its debilitating effects OP ^. gl 
tonus and motor co-ordination. The discrepancy between these results and eal 
obtained by previous investigators may arise from several differences in the I? 
techniques employed. «2a. [09 

First, in some studies (Maurer, 1935; Stevens, 1937) involving maze learnire is of 
was used as an incentive and adequate allowance was not made for the © are 
thiamine deficiency on motivation. Differences in learning scores which ap P 
favour control groups may have been an artifact produced by anorexia e 
thiamine deficient animals. 

Second, certain studies (Poe, Poe & Muenzinger, 1932; Biel & Wicket yams g 
although using some form of motivation and reinforcement other than 10° al cal? 
included no separate controls to check specifically on possible effects of pem 
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uld seem to be important for the inter- 


deficiency. Information about such effects wo 
dietary deficient and 


aen of any observed differences in behaviour between 

Es control animals. 
S Bid, he maj ority of investigators kept their animals on a thiamine-deficient diet 
ay of depleting the lactating mother and supplementing the animal’s diet before 


aa 
perimental observations began. It is possible that some of the results obtained 


usi : : À ; z 
Sing this technique may have been due to effects produced in early infancy and 
have been due either 


investigators appear not to have 
Therefore, it was difficult 


Bu much later than changes in the metabolism of the 
interest oint of view the effects on behaviour of the latter would seem to be of greater 
i than the behaviour of animals whose muscle tonus is abnormal and who show 


Sign: € > 1 
dria motor inco-ordination due to peripheral causes. The differential effects on 
Our of degree of deprivation were demonstrated in the fourth phase of the 

g polyneuritic symptoms 


Present s 
study, water maze learning, where animals evidencin| i ptor 
f learning when compared with thiamine 


establ to such conclusions as: “It is thus clearly 
i i i itamin B complex retards the learning process 1n 
ons" (Munn, 1950). Our results suggest 
e Mines general statements should be amended to include references to the level of 
Tom ne , Alterations in the normal oxidative mechanism of the pee 
9 pro amine deficiency may not affect behaviour until they are sufficiently severe 


d 
Lr uce the symptoms of polyneuritis. 
“fect: 
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their behaviour than animals from the other two groups who were fed ad libitum. T 
. water discrimination situation as we have used it appears to be one in which Mn. 
activity during a trial favours the more rapid breaking of stereotyped behavi al 
patterns and, hence, more rapid learning of new responses (Russell & Pretty, 193 
Regardless of the validity of this particular explanation, our results show di 
"irrelevant drives" may have significant effects on performance and ns M 
importance of providing adequate controls in designing research in which such € 
may be involved. i N 
It might be expected that such interactions between drives would also havel ne 
reflected in behaviour in two other situations to which our animals were expose i 
jumping stand and the water maze. Unfortunately, in the former, none O ian 
animals reached the learning criterion within the limit of 300 trials and, there! ó 
the data cannot be assessed for interaction effects. On the other hand, anale 
performance in the water maze provided no evidence of such effects. Eat 
of the results of previous investigations indicates that this variation in inte 
effects in different experimental situations is not a new observation. In some ons 4 
interaction appears to have accelerated learning, in other situations to have ha tion i$ 
or no effect, and in still others to have retarded learning. The basis of this ver o 
not entirely clear, but may be related, first, to the differential effects of di n 
“irrelevant drives" on behaviour and, second, the aspects of behaviour, e.g. percep 
or motor, emphasized in the various experimental situations. 


Comparison of Behaviour in the two Insoluble Problem Situations. 


DEM 
Previous research has shown that animals exposed to an insoluble discrimina n- 
problem very soon establish stereotyped behaviour patterns which are pm F 
sistent over extended numbers of trials. Figure 3 shows that our animals B. atte 
this way in the second insoluble problem situation, but not in the first. In M 
the percentage of stereotyped behaviour during any group of ten trials was ve the 
it did not reach the continued level of roo per cent consistency character dr nces in 
former. These differences in behaviour may be reflections of several dine aid 
the two experimental situations. The most prominent difference is in the tec " ded 
used in forcing the animals to respond. In the second situation the animals resp o the 
in order to escape from water and each response eventually led to escape ni al 
alleviation of the conditions which initiated it. In the first situation, th€ = rew? 
were forced to respond by being pushed gently from the jumping stand an the 0 
no evidence that they jumped to avoid being pushed. In contrast with 5 of ? 
insoluble problem situation, there was no obvious relation between the TeS a driv’ 
response and the circumstances which initiated it, no direct reinforcement "ditiors n 
This suggests that, in the insoluble problem situation, the presence of COAR Uu 
which a specific drive is associated with reinforcement favours the establis cy» pror 
consistent behaviour stereotypes. Our results indicate that thiamine deficient 0 
to the appearance of polyneuritis, had no significant effects on the establis 
such behaviour patterns. we 
a ch- ^ 
We wish to thank the Medical Research Council for their support of the Tes ur y 
are also indebted to Mr. A. Summerfield, University College, London, and to 
Copping, Queen Elizabeth College, for their advice and assistance. 
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EXPERIMENTAL DETERMINATION OF LUNEBURG’S 
CONSTANTS o AND K 
BY 
A. ZAJACZKOWSKA 
From the Department of Psychology, University College, London 


ce of constant 
description ° 
tion character- 


Visual space is, according to Luneburg, a non-Euclidean hyperbolic spa 
negative curvature. Two personal constants enter into the geometrical 
binocular subjective space. One is c, indicating the degree of depth percep 
istic to the observer. The second is K, the curvature; a value which denotes by how mu 
the visual space of an individual departs from Euclidean space. The constants o and t 
were determined experimentally for 30 untrained observers by Luneburg's 3- and 4-pol 
tests. All values found for K were negative and support the hypothesis that the geometry 
of binocular space is hyperbolic. Some discrepancies between the theory and finding? 
were observed, while the sensitivity of the experiments to the lack of training and even 
slight measure of aniseikonia is evident. 


I 
, INTRODUCTION 


The objective of Luneburg's theory (1947, 1948, 1950) is to establish the relation 
ship between physical space and binocular visual space. The analysis is restricte 
to the qualities of size, form and localization of objects as they appear to nomme 
sighted observers. In this analysis, firstly, a clear distinction is made between phys 
space, the space of stimuli, and the visual space, the space of apparent imas 
Secondly, the analysis refers to spatial relationships in the absence of any indicat. 
due to factors such as colour, light and shade, relative size of objects and any quali r's 
of objects recognized from past experience or anticipated owing to the observe 
attitudes. 

n Luneburg concluded that binocular space (in the absence of monocular clue 
attitudes), differs from physical space in its metric qualities and is a non 
hyperbolic space. These conclusions require experimental test. Only t 
mental studies have so far been published (Hardy, et al., 1951, 1953), 
bringing support for the theory. The present study is another attempt to tes 
validity of the theory. Ee 

In Luneburg's analysis of binocular space, for the horizontal plane to which by 
study is limited, the positions of stimulating points in physical space are specifie js 38 
cartesian (x, y) or by bipolar co-ordinates (h, y). With both systems the best to 
assumed to pass through the rotation centres of the eyes and is oriented positive eyes 
the right. The origin is placed midway between the rotation centres 0: bae ae 
Angle ¢, the bipolar latitude, can be approximated by tan ¢ = y/x for ET equal 
greater than 30 cm. from the eyes. Angle y, the bipolar parallax (practically jg the 
to the convergence angle) can be expressed by y = (pd cos? ¢)/x, where 
interpupillary distance. (Figure 1, A). siya eel 

In visual space, the subjective space of an observer, the positions of points 
indicated by cartesian co-ordinates (E, n) or by polar co-ordinates (9, p) 
q axes are assumed to coincide directly with the x and y axes of physica ysio 
any angle ¢ in visual space is assumed to correspond directly to the o a e 
space. The polar co-ordinate p (Figure 1, A’) refers to the apparent distance 5 miu 
the centre of observation, with which the observer identifies himself, an 


considered. 


] space ical 
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FIGURE 1 
Al 


The co-ordi 
-ord i i 
inates. Bipolar co-ordinates are used for physical space and polar 
co-ordinates for visual space. 


A geometri E. 
be ic COSTI description of binocular space, the aim of Luneburg's theory, can 
a5 these Urs only in terms of the physical co-ordinates of the stimulating points 
ating a ern capable of measurements. Luneburg achieves his goal by postu- 
Istance of qns relationship between the convergence angle y and the apparent 
assumes that ^a S imulating points from the apparent centre of observation. He 
Sys, that is to e points subtending the same angle y with the rotation centres of the 
say lying on a Vieth-Müller circle (a VMC), appear on the half circle 


of equidi 
Ista: A 3 
th nce of radius p (Figure 1). In addition, Luneburg had evidence to suppose 


at the functi 
unctional relationship between p and y is exponential and has the form 
LI 


Whe: " = 26°Y . 
oy 7 is a constant PN ex 
3 Sa per: J A AT 
With eripe constant varying with individual observers and has been associated 
of depth. It determines an observer's sensitivity to Ay = (yı — yi); 


to the ji 
i : : 
ncrements of radial distance of points from oneself. Irrespective of 


“Ppreciatj 
mm Oc qr pe size of objects as expressed by Ad = (di — 4j), an observer 
Istance hen perception (large value of c) will show good judgment of physical 
hile the estimating line segments extending away from himself. — 
co-ordinates for visual space (2, 7) or ($, p) and formula (1-1) are 


Sufficie, 
nt t 
angles O draw a conformal map of visual space, i.e., a map in which the 
thing has yet been said as to how 
rid. 


a 

istances à reserved (Figure 1A’, Figure 24’, B’), no 

"Or the EM on such map will appear to an 

System doe culation of these distances in binocular space, Lunebu 
5 not limit investigation to only one geometry, but extends over the range 


SSible 
à experi s f : 
Xperimental answers to a class of Riemannian geometries of constant 


d i ipti d hyperbolic 
two points is measu 


observer in his subjective wo 
rg's axiomatic 


Sometri 
à Eeodesip line or all these, the shortest distance between redalong . 
Poj E Case dt which is a straight line only in the case of Euclidean geometry. Thus 
nts jn th hyperbolic geometry the formula giving the distance between any two 
€ binocular horizontal plane, the Distance Function, is: 


piè + pi^ — 2 iP cos (¢1 — i m 
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involved in an expression containing (beside C, a scale factor) the Euclidean distance 
between these two points given by familiar cosine law and K. The constant K is the 
curvature of visual space and in the case of hyperbolic geometry is negative. As the 
value of K approaches zero, D in (1-2) approaches the Euclidean distance between — 
the two apparent points, while for the elliptic geometry (positive K) the same formula . | 
remains valid, 4/ —r.K or i4/K replacing 4/ —K. Pe, . 

K is a personal constant which specifies the shape of geodesic lines along which — 
an observer visually evaluates distances and isin general a value determining his syste™ 
of ordering visual data depending directly on the two eyes and the visual pathway, 
as distinct from his knowledge of the stimulating objects acquired by learning 
processes or anticipated owing to attitudes arising from past experience. 

The experimental determination of K is of great theoretical interest, Should the 
values obtained be found to approximate to zero, the appropriate geometry for the 
description of binocular space would be Euclidean, other values within the interval 
+ 1 to — 1 would indicate either elliptic or hyperbolic geometry as being appropriate: 

The aim of this study has been to obtain a number of experimental determinations 
of K. The experiments were carried out under dark-room conditions with clue 
reduced to a minimum, the convergence angle being, in principle, the sole variable. 


II 
METHOD 
The 3- and 4-point tests (Luneburg, 1950, p. 637). 


In the 3-point test three light points, Qo, Q, and Q, are presented. Qo and Qu 


A n 
movable on a VMC of parallax yọ, Q, is movable on a VMC of parallax y, (Fig. 2^/- Os 


a ) 
the map of binocular space (Fig. 24’) apparent points P, P, corresponding to points Qo He 
will lie on a circle of radius p = 2e-0% and point P, on a circle of radius p = 26-071. T 
observer is asked to place the point Q, in such a position that the distances D (PoPa) B 


D(P,P,) appear to him to be equal. The distan i a number 
determinations obtained. ces Qo Q, are varied and 


If we let i 
Xiao. Uu u 1e 
Y-weM(getuy hot 2 0 E 
I+ Ep 
Aas fo Lco: —. 03) 
ao m M Wr ah 


ZENONE 


9 e i ; on (172 i 
the following simple relation between Y and X results from the Distance Functio” e 
n Y = AX — B. The 
Hence a plot of a number of experimental values of Y against X should be lineaT- £ the 
experimental value for B, the intercept with the Y-axis of the straight line best atte cient 
plot, serves for the computation of o. It follows from (1-1) and 2-4) that in 5 
approximation 
vB (75. 


(n — vo) i an e jn 


^ 
In principle it should be possible to compute the value for K from the expression oe to 
the 3-point test. The variability of the slope, however, in this experiment is o0 £ j 
permit K to be determined. M xp 
The 4-point test was designed by Luneburg for determining A and K. In ms i on 
ment four points Qo, Qı, Q, and Q; are presented. The first pair of these is mover or 
VMC of parallax yọ and the second pair on a VMC of parallax y, (Fig. 25). e 


c= 
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FIGURE 2 


l THE 3 POINT TEST 
P Physical Space Map of Visual Space 


a A x 
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P L R 2 
THE 4 POINT TEST 
Physical Space Map of Visual Space 
B x B’ 


and the corresponding 


The configurations of stimuli in the 3- and 4-point tests 
: maps of binocular visual space. 


ai Fa evithia poi t D(P,P,) = D(P;P,), 
the n Ove only the point Q, and he is asked to adjust this point so that D(PoP;) s Ps 


tee intervals on the two VMC should appear to him equal. 
etting 


i " ve eso) 

f X= 2sin$ (4.— $o) D. ft " (27) 
again fr, Y = 2 sin $ (¢2— $s) : E 

„TOM (1:2) we find that here va Ax Hs 

Sr i ine which bes A 
D aea ueninqus D Sain ira value for A determined by the 
€st using (1-1) and (2-3) we obtain 
^20. sinh [e(51 — y0] .. 420. 
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The pilot experiment 
The success in carrying out the 3- and 4-point experiments depends critically on the. 
experimental conditions adopted. An extensive pilot experiment was carried out befor 
reliable conditions and procedure were established. The results of the pilot experimen! 
can be summarized as follows: 
The problems presented to the observer must be geometrically, psychological 
physiologically soluble. The conditions for this are: 


(i) The task presented to the observer in the 3-point test is geometrically sol 
any distance between Q, and Q, chosen for the experiment the interval between the 
VMC is such that 


y and. 


if for 
uble A 


(Po — P1)? 2p?[1 — cos (4, — $o)] 
put RI a K 
Esdr] Ida 
4 Pr 4 Po 
In other words the interval between the two VMC must not be too large. Itm 
that there is a position for Q, in which D(P,P,) < D(P,P,). The experimental 


would be inadequate if for any position of Q, the distance between Q; and [oen 


(2:9) 


ust be such 
conditions 


between the two VMC allows for a reliable determination of A. It follows from (2" 9:03: 
for small difference in the diameters of the two VMC such as in case (yı — 797 alue 
yo ~ 0*05, for anticipated range of constants + 1 > K > — rando < e < 20, the E eri- 
for A may range only from 1-00 to 1:28. Under these conditions it is evident the exp 
mental error would wholly invalidate the determination of K. No reliable re versi 
obtained for a series of experimental determinations of K carried out with three obser 

using (y, — yo) ranging from o-or to 0'03, y, from 0-04 to 0-07. In the exper from 
is er: a nally adopted such y, and y, have been chosen as to allow A to rang? 


(ii) It has been found that psychological conditions, providin 
which Luneburg's theory is concerned are riche by sedi osten tid to th 
and keeping up a tempo of determinations during the experiment such as not to «terna 
influx of associations and intellectual processes of the observers, which are not on Y tency 4 
to the field on the enquiry but have a pronounced adverse effect on the consiste ept” 
measurements. It has been observed that the difficulties encountered in perceiving night 
in the 3-point test due for example to the compulsion to make the arrangement y me by 
ae or attempted inferences from the rules of perspective, were no v uv 
aoe bee esie pa in such cases frequent reminders to fixate each of the sgons 

i 


(iii) The conditions physiologically appropriate requi i of adverse per 
for fusion which give rise to double der is the eager og ‘front o Ya xed 
limitation of the peripheral range of binocular observation, so that with t 
binocular vision remains accurate. While for some adults distinctly linea" P 
obtained for stimulus intervals considerably exceeding (d, — $o) = 30° (a out pe ™ 
Bu the whole stimulus configuration), this range with children had 19 
ver. inve? 4. 
The effect of the brightness of lights on th s has be j, nof A 
au It ne been found that iis m the e wii ante physically equi iud 
adoxica. i i 
Fes ds M IE when nearer lights were dimmer than the farther, J cot 
urther, the 3-point experiment carried i der the ^ rip 
ditions, (b) with a varying ange of (¢, — 4, () petu poate one ^ aotral am et E. 
positions ($o Z 0°), and (d) reversing the order of stimuli (¢, Z $o Z $! 
variability of slope observed by Hardy and his group (1953 ‘PP: 27 
intercept of the experimenta] lines with X-axis tended to,remain constant for? ctio? of a 
Hence the value of slope A calculated on the basis of the 4-point test in conj j 
the X intercept as determined by the least squares method served for the com: 
Finally, the pilot experiment involved an experimental verification O t with ii? 
p= zë ty; Extensive series of the 3-point experiments were carrie u ve y 
observers using a range of 5 in one case and 3 different (x — vo) in the heey 
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cases. Fi = inati = 
or each (y, — yo) 60 determinations were made for six different intervals ($, — 4) 
Linear plots of Z agai — " btain: i n rm 
Pp log against (y, — yo) were obtained. This result indicated that formula 


(2:5) for the c An 
ompu H ; 
Of ibservers. putation of c rests on a satisfactory assumption for use in testing a sample 


Exberimental conditions 


Asa ; f 
3 died. eut of the pilot experiments the following experimental arrangements were 
The 3-poi ; P 
the bed out n: i le was carried out with VMCs of diameters 120 cm. and 100 cm. 
CE CEA ie ue of (y, — yo) was o-or. The distances Q, Q, given to be matched by the 
and ont Thee in value of bs = 4 sin? $ (d, — ġo) were 0:03, 0:05, 0:07, 0:09, o:11 
tions of y — Ne of ($4, — 4) involved ranged from 9:93? to 20:77?. Ten determina- 
Position of thé x d — $o) were obtained for each of the six values of X for a central 
minations was ca E mulus configuration (¢) = 0°). Another such series of 60 deter- 
. In the a Bop cx. out with a peripheral position of all stimuli (y = + 10°). 
With (y, — Ei eh ener nets the diameters of the two VMC were 300 cm. and r00 cm. 
X n2 sin n^ e ot The six distances Q, Qọ used when expressed in terms of 
of (d — d) fom $o) cre fos. 0-06, 0-08, 0-10, o-12 and o-14, corresponding to a range 
Possible to utiliz e ax 8-03°, with 4, = 13° and $a = 10°, This arrangement made it 
for both the Q “9 e binocular area which on the average was symmetrical to the median 
Correspondin e ; as also for Q, Q, intervals. Ten experimental determinations of Y 
E expertn 2 ee value of X were obtained. 
about al session consisted of three series each of inati 
2 hours during which time the observer seni cmed d E et a aie i 


Apparatus 


The a TT P 

a headrest ( D E ustated in Figure 3. The observer's face was held in position by 
Sed were Sa volt x ich the rubber lining was changed to fit individuals. The stimuli 
s eet and Madek amps shown through uniform o-8 mm. apertures drilled in aluminium 
and housed atu o ditare the light. The Q, and Q, lamps were separated individually 
appropriate vue s calculated in terms of X in boxes with curved walls (B) fitting 

Y Means of a rotati The central and the peripheral position of stimuli were exchanged 
Was fixed to an otating sector (C) to which the Q, and Q, lamps were fixed. The Q, light 
arm rotating about the centre of the inner VMC. The handle (h), which 


the ob; 
is Server used 
Maesthetic cues, to operate the Q, lamp, was attached to the Q, indirectly to reduce 


FIGURE 3 
3 AND 4 POINT TEST APPARATUS 


, stimuli; C, rotating sector 
, handle operated by OSB: 
D, rotating sector 


A, headrest; B, Q, and Q, 
with Q, and Q, stimuli; h 
projectors; r, photographic register; 
with the register; S, shades. 


The 3- and 4-point test apparatus. Diagram on the left is a horizontal 
projection of the experimental arrangements. 


LL <<< 
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The determinations were registered photographically. By means of an electrical ke. 
formation the angular positions of Q, and Q, light points were recorded simultaneous ur a 
a strip of bromide paper fixed to the recording screen (r). A part of an actual registe! 
shown in Figure 4. 

FIGURE 4 


Ce Do EI | | 
H h li i | B l| I! T | j^ | 
| | [di 


A part of a photographic register. The black marks indicate the angular 
position of Q, and the white bar the position of Q, light point. 


An observation screen was mounted above the screen for recording of data; one m 
projector travelled above the photographic projector (P) in conjunction with the Qs la n 
"This projected on to a semi-transparent screen a red circle crossed by a vertical E. to 
this second screen positions of Q, were shown. This device enabled the experimen HE 
observe the whole course of the experiment, to note whether the instruction had ervet 

understood and to interrupt the experiment if, for example, the attention of a child obs 
was failing. ime of 

A rheostat control and separate switches were provided for all lamps. Equal Um ed 
exposures for the photographic record was controlled by an electronic timer; this We of 
in conjunction with electromagnetic counters providing for a definite number 
determinations made in a pre-established random order. 


Procedure with 
Thirty observers were tested; they were all children or “naïve” adult observer? 
three exceptions. ed 


The observer was led to an unfamiliar dark room and the light points wer! 


explained by switching the various lights on and off. The brightness of Qa W27 
low as possible, consistent with the comfort of the observer. Then all remain" : 
were adjusted to the apparent brightness of the Q; light. The instruction follow? ” 
“Place your light as close to your fixed light as my light is close to my fixed HE i 
After some training trials, the determinations were registered and counted. -pd wight 
The 3-point test on the central position followed. The Qo, now called the 
was introduced and the instruction was given: i. yy 
“Place your light as far from the fixed light as my light i m it." jon? 
If doubt arose as to whether d instrücHon Mas esce aan help occas! 
was given. This consisted of saying: that UO 
"Imagine there is an elastic band between your light and the fixed light, and t the p 
is another elastic band between the fixed light and my light. Look carefully ^ 
elastic bands and make them equal." b 
Otherwise the help consisted in the repeated request: edn 
“Look with both eyes at your light," which was cata. Dna also in cases of Sepia 
undue speed of the determinations. Prolonged hesitation was discouraged", cic 100, 
carrying out a full series of tests had to be allowed long intervals out of the jeð o 
After two series of the 3-point test, the remaining part of the 4-point test was 
LII 


of 


Computations notog" 
The experimental determinations as measured in millimetres on the pP from +4 
record were read off in terms of Y = 4 sin? 3(¢, — 4j or Y = 2 sin ($: — a) 


prepared for the purpose. 
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SM appe Nu 4-point test was computed using Y as an average of ten determina- 

fnere A of six values of X. Under the assumption that the plot should pass through 
» A was found from formula l 

ZYX 

Ex? 

oe rhe 3-point test for each of six values of X an average Y was given by 20 determina- 

* "ust, the value of a (the slope of the least squares line through the experimental 


Points) and of b (the intercept of the least squares line with the Y-axis) also o’ = mes 

LE dm 9. 

for computed, The value of A, the slope in the 3-point test, was then assessed using the 

A De Ge) and the values: o’ (the approximated value of o), y, and y, of the 3-point test 

CEN t Slope A obtained in the 4-point test. In practice this operation was carried out 

3-poi y use of tables worked out for ranges of relevant values. The intercept B for the 
Point test was then given by 


A= (2-10) 


A 
B= bs oe = m ois (2X1) 


and A : T € z - = 
Served in conjunction with formula (2:5) for the computation of e. K was then given 


by (2:8). 


Tie V TABLE I 
ALUES OF INTERCEPTS, SLOPES AND THE FIRST APPROXIMATION TO ø FOR 
28 OBSERVERS 


EAE e Thé 3-point test The 4-point test 
S ECT NUR 
Slope I ntercept c^ Slope | Intercept Slope Slope Intercept 
=a ae b A B a A b'* 
No. 
IS 7 ‘0 
1 : 
2 DC 0692 9:98 1:17 o811 2:042. 2:151 + 113 
3 037. 1237 II:12 121 1385 2:217 2:975 ar ee 
3 051 744 | roo | 0647 r770 | 1455 | — 32 
3 S000 1143 12:83 1:22 1315 2-188 2:870 + 702 
8 db oaoa d I:13 1008 E506 ` 1-690 is di; 
oF 40 9'I I'I4 0525 1:395 1:724 
g| o842 0374 6:3 1: 0510 1:837 2:042 | +210 
On 4 5 
9 ee 0408 6:39 | 114 0493 1:494 r83r | 4-322 
10 A 0790 9:19 1:13 0917 1:605 1:670 + 066 
Ir te 1431 12:27 1:17 1350 1:982 1:998 + 017 
EL Fro, 166 56 87 
40 1688 | i3: -28 20 2:716 3:563 | + 870 
I 3:33 1:2 77 7 
a ease 0622 7:39 1:16 1618 1:739 2-076 | + 348 
15 EU 0498 6:72 ESE 0654 1:525 1:745 4 ee 
AS || ead 1691 | 11-64 1-18 1703 2:074 2:295 7 
15 nes 0366 6:17 1:21 0440 2:817 2 cf $55 
18 EE. 1170 10-01 116 1328 1:620 1:9 7 357 
19 ood 0688 7.86 1:16 0855 1:922 2 T $55 
EO Sins 0558 7°93 ec ees 209 2 + 335 
21 50 0443 6-86 117 o610 1-901 22 Sed 
2 Pn = 9°35 a n = en 
25 9-802 | — or46 0-00 1:14 0000 1:253 una | ar m: 
2 9:647 0995 9:50 1-19 1832 2:472 Aid i 
1| radar o! "Br 1:18 0813 2:176 2:345 dot 
25 | 0-93 KES 2662 2:748 | 2480 | — 277 
26 | og 7 ei 1473 1:23 1-679 1-874 ++ 200 
27 [m 9» dd 439 A TEES 1:048 1:477 + 408 
28 912 0359 5:83 1:09 0431 EU 1:658 X 3x4 
29 Quis 0318 5:20 II Sars a2 2112 | — 327 
505 071 . 1:17 o . o 
30 13172 a es 1:05 0134 1-152 I-17I + 03 


* 4 above origin; — below origin. 
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IH 
RESULTS 
The values yielded by the 3- and 4-point tests for a, b, A, B and o' are listed in 
Table I for 28 observers. Derivation of constants for observers 11 and 21 were based 
on more extensive tests. The slopes a and the intercepts 6” of the least squares lines 
for the 4-point tests, calculated without assuming that the lines should pass through 
the origin, are also given in Table I. 


The values of ø and K obtained for 30 observers are given in Table II. 


TABLE II 


VALUES OF c AND K OBTAINED BY THE 3- AND 4-POINT TESTS FOR 
30 OBSERVERS 


E —————————————— 


pd Age 

No. Observer (em.) Sex | (years, months) c K 
I A. S. 5:00 m 6, 10 10:8 — 0:71 
2 S. H. B. 6-00 f Hj X ir8 — 0:94 
3 M. F. 5:20 m 7, 6 8 — 0:23 
4 A. B. 5.00 f S, 0 13 — 0:91 
5 M. E. 5:60 T Ss; G 10:7 — 0:29 
6 Tesi 6-00 m Ix 3 9 — 0:40 
7 S. B: 5:80 f 12, 0 T4 — 0:75 
8 G. B. 6.00 $ 13, "r 70 — 0:62 
9 B. W. 5.80 m 14, 2 9'9 — 0:30 
10 AES 5:85 H 16, II II.9 — 0°47 
II Jews 5775 m 18, o 12:4 — 0:52 
12 E. K. 5:85 $ 18, 6 14:8 — 1:06 
13 B. A. 6.40 m 25 11:9 — 0°47 
14 or 6.30 m 26 78 — 0-48 
15 pp d 6:70 m 29 II:7 — o:60 
16 M. S. 5:88 H 30 6:8 — 0:99 
17 A. J: 6.48 m 32 10:7 — 045 
18 M. K. 6.40 f 37 8-7 — 0:68 
19 S. H. 5:65 f 38 8:5 — 0:97 
20 M. V. S. 6:25 H 38 T5 — 079 
21 H. S: 6:30 f 38 9:7 — o:98 
22 E M. 6.30 E 39 0:0 — 1:00 
23 K. D: 6.30 m 44 12:9 — o:66 
24 M. H. B. 6:11 m 44 8:9 — 0:79 
25 W. K. 5.80 m 47 16:9 — 0:55 
26 K. K. 6:60 m 48 5:3 — 0:72 
27 E. F. 6.20 £ 48 6:4 — 0:33 
28 M. B. S. 6:50 m 53 54 — 0:57 
29 K. G. 6:90 m 59 8:6 — 0:65 
30 S Naso 6.60 m 72 33 — 0:05 


The standard errors, expressed as percentages of the observed values are estimated 
as equal to 20 per cent. for ø and 17 per cent. for K. The error in K is due both "n 
error in the determination of the slope in the 4-point test and to the error 1D t 
determination of c. The standard error in K due to the error in slope in the Are 
test is, however, much smaller and is only about 6 percent. This last result illustra 


well the fact that the 3-point test is much cruder for purposes of estimation than 


4-point test. 


04 


-08 


04 
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FIGURE 5 
D Woo 32. 4 POINT TEST 
OBSERVER K.G. 
y OBSERVER K.G. ^ y 
age5g / 


*08 


Q4 98 2 
4 POINT TEST 
OBSERVER A.S. y 
3 POINT TEST 


/ 
OBSERVER A.S. Z 


age 6, 1o d 


o= 108 + 30 
Ka -071 x01! 


2 : 0 -04 08 “12 x 716 
Standard 


07 


point tests for two observers. 


Plots o " " 
fv T cordis 
against X in the 3- and 4 es ze 


deviation marke 
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The standard deviations of experimental determinations of Y values in the 3- and 
4-point tests are indicated for two observers in Figure 5. The values of relative 
standard deviation were found to be substantially the same for both tests and did not 
depend significantly on the size of intervals Q, Qo. 

The measurements made on the same interval by subjects in the 3- and 4-point 
tests were found on the whole to be normally distributed. P 

No significant difference was found with respect to slope a in the 3-point test for 
the central (4) = 0°) and the peripheral (fọ = + 10°) position of the stimulus 
configurations. 

A trend was observed for depth perception to deteriorate with age (in particular 
in the group of female observers) while the absolute values of K were found to 
increase insignificantly with age. The difference between the mean value of K for 
female observers (— 0:77) and the mean value of K for male observers (— 0:51) is 
highly significant. The seven highest values of K were obtained for female observers. 

The important result of this investigation is that the values found for K, the 
curvature of visual binocular space, range from — 1-06 to — 0-05 supporting the 
hypothesis that the geometry of binocular space is hyperbolic. 


IV | 
Discussion : 
Two discrepancies between the theory and the results obtained will be noted: É | 
A (i) The slopes of the least squares lines in the 3-point test were in general smaller 
than the theoretical slopes, the difference between the mean slope obtained (a — 0:987) 
and calculated on the basis of the 4-point test (A = 1-163) is highly significant (0°01 level). 
(ii) The line passing through experimental points in the 4-point test should 
according to the theory pass through the origin. It is estimated, however, that the 
mainly positive intercept with Y-axis (b’ in Table I) is in half the cases significant. 
While noting these discrepancies with the theory it is to be observed, that the 
use of the 4-point test slope A in place of the 3-point test’s a for the determination 9 
c did not affect the value of ø considerably. As seen from Tables I and II, the 
approximated values of o are generally somewhat smaller, thus the values © 
corresponding to them would differ even more from zero than the values of 
given in Table II. On the other hand this last effect has been counteracted by the 
second irregularity observed; namely A > a in the 4-point test. The values 05 ^, 
worked out for the same sample of observers using only the least ‘squares values b, 7 
nu d the 4-point test, with few exceptions hardly differed from those give" 1 
able II. ^ 
It is to be noted further that in the cases of several observers who took part E. 
a number of experimental sessions during the pilot experiment, the acquire 
training resulted in: 3 
(i) Almost complete disappearance of relevant discrepancy between the slop’ 
obtained by the 3-point test as compared with the slope expected on the basis 9 E 
4-point test (Figure 6). 
(ii) A wider range of intervals ($, — d,) for which the plot was linear in the 
3- and 4-point tests. i 
Experiments carried out repeatedly with some observers over a period of tfe 
years indicated that the use of the 4-point test only for the determination of slop 
for both experiments tended to eliminate factors such as incidental tiredneS9, ss, 
lack of training, asymmetry of the eyes, even defective experimental conditio? í 
which particularly affect the 3-point test. , 
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The effect 
som m n m Eus asymmetry between the eyes on the performance in tl 
Euneburg's d in: the fas of po ee perception. 
Rett wo retina 3 a c e assumption that the si i 4 
Eus : E enm : Differences in size between fam or ona RE Um 
per diopter of on uus à difference of magnification is approximately 14 per dm 
in'cases of astigmatism As and may range up to 2 per cent. per diopter of oret inn 
fication lens, for inst: 1 (Ogle, 1950, p. 264). The effect, however, of an afocal magni 
of Iüinsbur?s "n oni on the slope in the 3-point test, can be predicted on the A 
Pronounced distorti T Such predictions were worked out, indicated much more 
E were tore lave [o m stereoscopic perception of depth for K = — 1 than for ACC 
been edicto. s extent confirmed by actual experiments on two observers It has 
3-point test DM. that for ¢ = 10, K = — 1, the least squares slope in the 
With a 5 a experimental conditions as used for the sample for 30 observ 
. magnification size lens in front of the right eye should be a = id 


— FIGURE 6 
3 POINT TEST 3 POINT TEST 


Observer T.K 
erver T.K. Observer H.S. 


T 
he effects of training: 

— — —x— — — a before training. 
a after training.» 


o— 
A the slope expected on the basis of the 
F 4-point test. 
"Or the s. ‘ 
a nr É : ; 
slon -< Same conditions but with the same lens in front of the left eye the predicted 
sults for observer H. S., 


9pe is q = o. 

9—97, K S (b = —o-0138). The actual experimental re 

Tight eye A A 0:98 were: with 5 per cent. magnification size lens in front of the 

Thi Ro UE in front of the left eye a = 0:788 b= — 0:0138). 
in the same test carried out 


who has aniseikonia, the images on her 
— 0-802, and as in case of 
negative 


eti 3 

ob, Inà being larger. The slope foun 
f the left eye, 

3 tion the value for b is 


Serv 
(b E S. with size lens in front O 
Smal] am eee In general, in cases of poor 
will be affected even by a $ 


Caseg 
o 
f large absolute values of negative }- 
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To summarize our discussion, while the control of the experimental conditions so 
as to obtain binocular reactions based on the differences in the convergence angles is 
a highly complex task, we also encounter the difficulty that the observers do not have 
training in such behaviour and have formed a habit to rely on non-binocular factors; 
further, even a slight asymmetry between the eyes, a very common occurrence, will 
affect the results. 

Considering these difficulties and that with regard to binocular behaviour K <a 
is impossible (such a value would imply that the apparent size of a receding object 
could first increase with distance and then become infinite and negative) it is remark- 
able that with one exception no experimental values for K were obtained outside the 
interval from o to — I. 

Further, the plots of Y against X obtained in 3- and 4-point experiments were on 
the whole distinctly linear. Some deviations in this respect were noted in the case o 
children, but these were not found to depart significantly from linearity. The 
linearity of the plots, as shown by Luneburg (1950, p. 639) is an experimental 
verification of the hypothesis of constant curvature. 

Lastly, a number out of our 30 observers took part in the Horopter and the Alley 
experiments (Zajaczkowska, 1955) and it was found that within certain limits ° 
confidence the values of personal constants c and K reported in this paper are no 
devoid of predictive value. 

In conclusion, while discrepancies between the theory and findings were noted 
the experiments performed favour the hypothesis of negative curvature of binocular 
space. 4 


This paper reports part of a more general study of Luneburg's theory carried out fon 


the Degree of Ph.D. in Psychology of the University of London. í 
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>. “HANDEDNESS” AND SKILL 


BY 
K. A. PROVINS 


From the Unit for Research on Climate and Working Efficiency of the Medical Research 
Council, Department of Anatomy, University of Oxford. 


The variability of handedness with different tasks is discussed. Experiments are 
described which show under what conditions handedness becomes evident. Tasks 
involving three different levels of complexity were used. The simplest task measured 
m EM with which a particular pressure could be reproduced in isometric contraction 
th e flexors of the index finger on each side in 21 female subjects. In the second situation, 
= © maximum speed of making an attempted tapping movement under the same conditions, 

as measured in ten of the same subjects using the same muscle group alternating with its 
tre tgonists. The same ten subjects were also tested on an aiming task which provided 
e third level of complexity. The results suggest that differences in performance between 
3 e two sides only occur where “timing” or the serial organization of muscle activity is 
equired and that such differences may be due to training. 
Ad hether handedness is inherited or acquired is briefly discussed, and a second series of 
Ere ments using the same tasks as before were carried out on one female and nine male 
Hs a In this instance, the first two tests were used on the big toe of each side as well 
E ne index finger. The results confirm that differences in performance between the two 
es on these tasks can be adequately explained in terms of usage or training. 
We he hypothesis that “timing” is therefore important in the learning of any movement 
IS rc Serial muscle contractions are involved was tested and confirmed in a third experi- 
ntal series, The consistency of timing of the application of force in turning a crank 
male at maximum speed was measured in five male subjects before and after training. 
e implications of the results are discussed in relation to other researches on skills. 


INTRODUCTION 
The importance of unilateral dominance for neurological diagnosis has been 
essed by Brain (1945). Similarly, the implications for education have recently 
cen discussed by Hildreth (1949 a, b, c., 1950.a, b). A relatively new aspect of the 
eae however, has become prominent with the advent of large and complicated 
Ustrial machines which require considerable care in the design and layout of controls 
X Optimum human operation. Where these controls are numerous or have to be 
Pisitioned for operation by either one hand or the other, the question naturally arises 
‘in » ther they may be operated better by the right or left hand. If there is any choice 
Tes He Matter, the control is usually placed for operation by the right hand, with the 
ult that left-handed operators may be handicapped. 

cons; erences in performance between the preferred and non-preferred hand vary 
pss from one task to another (Jack, 1895; Durost, 1934; Blau, 1946; Burge, 
that ), but little is known of the reason for this. Several investigators have suggested 
the the degree of lateral dominance displayed in a specific situation is dependent on 
is Complexity of the task (Jack, 1895; Durost, 1934; Blau, 1946), but little indication 
eon of what is implied by complexity. The typical tracking situation has been 
3 Sidered to require a high degree of skill (Gibbs, 1954), yet one hand has been shown 

Perform this task as well as the other (Grant and Kaestner, 1955). 
Clos © present series of experiments was therefore designed to determine rather more 
*ly the conditions under which handedness is manifest. In the first instance the 


Stre 
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type of movement tested was made as elementary as possible by confining it E 
attempted flexion of the index finger at the metacarpo-phalangeal joint. Actua 
displacement of the finger was virtually eliminated by measuring the accuracy with 
which a particular pressure could be reproduced against a spring-steel bar. A previous 
study using this technique (Provins, 1953) provided evidence that, unlike slower rates, 
the fastest rate of application of finger pressure is not subject to modification by 
sensory control, so that a comparison of the two sides at each rate would indicate 
whether handedness was due to differences in sensory or motor aspects of the task. 
For example, any differences in the quantity or quality of the sensation derived from 
the two sides would presumably be evident in differences of performance at the slow 
but not at the maximum rate of application. On the other hand, differences m the 
ability to grade the muscle contractions on each side would be evident at both ri ates 
of application. It was realized, of course, that if differences were evident between the 
two sides at both rates of application, it would be extremely difficult to determine Y 
they were due to afferent and efferent differences or only to differences concerning 
the motor aspect of the two sides. 


Performance on each side at two other tasks was also tested. The first of these 
recorded the maximum rate of attempted oscillation of the index finger using the 
same apparatus as in the first experiment, except that the finger was strapped to the 
spring-steel bar with cellotape so that the actual movement of the finger was agam 
negligible. In the third experiment, the accuracy of aim was recorded in throwing 
darts at a standard dartboard in the usual manner. This constitutes the firs 
experimental series. ` 


The second series of experiments was undertaken to confirm on a wider basis the 
findings of the initial experiments which suggested that differences between the two 
sides only occur where timing of the component parts of a movement becom 
important, and that such differences may be due to unequal amounts of training. T 
tests used were essentially the same as in the first series. 


In the third series of experiments, the patterns of applied force in turning à crank : 
handle with the same hand before and after training were analysed to test t oa 
hypothesis that training improves the consistency of "timing" of the appropri 
muscle contractions in a task demanding serial organization of muscle activity- P 


APPARATUS 


jed 
The experimental apparatus used in the experiments concerning accuracy of apps í 
pressure and speed of tapping comprised, basically, a spring-steel bar, on each S! a ed 
which was mounted a 1,000 ohms strain-gauge element. These two strain gauges for ne 
two of the resistances of a Wheatstone bridge which was supplied by a 2 Kcs. oscillator iG e 
output from the bridge was led through an A.C. amplifier and phase-sensitive rec 
before being amplified further by a D.C. amplifier and recorded on a Brush pen recor 
The natural frequency of the system was 21 cycles per second. a the 
One end of the spring-steel bar was held rigid in an adjustable frame which allowe E på 
apparatus to be manipulated to the required position for each subject. To the othe ‘oct 
of the steel bar was attached a brass disc of particular dimension, against which the Shed jo 
applied the pressure required. The size of the brass disc in each instance is spec! 
the experiments described later. d m 
At the beginning of each experimental session, the apparatus was calibrated by tu 
the spring-steel bar horizontal and placing in a pan fitted to its free end, a weight equ s € 
to the deflecting force used in the subsequent experiment. The recorder was then a y ma 
to give 25 mms. deflection of the pen. The actual forces used are given in the desc 
of the individual experiments. € 
In the aiming task described, an ordinary standard dartboard was used, e 
being 5 ft. 6 in. above the floor and the subject standing 8 ft. 6 in. distant from 
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SERIES I 
E , METHODS 

With un pene ES The accuracy with which a particular pressure could be reproduced 
of application. AS of each side was compared at both the maximum and a slower rate 
usually of the. " he gradual rate of application was in the subject's own time, which was 

E Tventy. order of 2-3 seconds duration. 
Were Beste poo Student occupational therapists, all females, were used as subjects. They 
border of the has pde posture with the trunk upright and the lower arm and ulnar 
Y the palmer and being tested supported on the padded chair arm. Pressure was applied 
Movement A jx eid the distal phalanx of the index finger when making an attempted 
Produ cing a i Be S MIEATpo phalanges) joint by contracting the finger flexor muscles. In 
in, so that b ^ Econ of 25 mms., the brass disc of radius 0-25 in. was displaced 0-006 
Was calibrated apes C contractions involved may be considered isometric. The apparatus 
TES subject D pig uce r mm. pen deflection per gram weight applied to the brass disc. 
Tecording Ps 3 was told that whenever she exerted a pressure against the brass disc, the 
force she tig d be deflected in direct proportion to the force applied and that the 
€ subject wa. quired to apply in every instance corresponded to a 25-mm. pen deflection. 
applied pressu S unable to see the recording pen and was told that the first time that she 
deflection so xs the brass disc she should do so gradually and carefully, and the pen 
Subsequent ere uced would be called out to her as she progressed every five mms. In all 
of application, a she would have to rely entirely on her own judgment and at the slow rate 
at she had 7 apply a continually increasing force in her own time until she considered 
Surface, just reached 25 mm., then to relax and take her finger away from the disc 

Ir ; 
the pis G concerning the “fast” run were merely 
each Contracts rate possible, and care was taken to examine the form of th 
bage only sharply defined single spikes being accepted. ; Y 
$0 that the ds the warning "stand by," the subject brought her finger into position 
now,” she * n area specified was not quite touching the brass disc. When she was told 
3Pplying the osed her eyes to eliminate the possibility of using visual aid, and started 
to the telax a ured pressure. After she had completed the contraction and returned 
Fifteen Recon position, she was told the deflection achieved to the nearest 0'5 mm. 
Ne start ot interval was allowed between the start of one “trial” or “contraction” and 
Consisteq of e next. Ten practice trials were given before recording each run, which 
stance was a further ten contractions. The actual pen deflection achieved in each 
he ae noted to enable the mean error for the ten contractions to be calculated. | 

r in which the right and left hands and the fast and slow rates of application 


u ras 4 
Ely as randomized to reduce to a minimum the possible effects of practice. 
POsture coy Ta 2. The maximum speed with which ten of the same subjects in the same 
fi dlangeal ld oscillate the index finger in attempted flexion and extension at the metacarpo- 
T is Ae was recorded on each side. On this occasion, the forearm was strapped 
Phalanx of © arm of the chair, the hand gripped a rigid vertical handle and the distal 
the index finger was strapped tightly to the brass disc. 


E a i n H 4 
Wag o 4Ctual amount of displacement of the brass disc for the maximum force required 
again be considered as 


Was 0.0, 
isometric. in., so that the muscle contractions involved may 
Dhe ent: í 
that she bject was informed that maximum speed rather than accuracy was the aim and 
en Eien be told if the amplitude of her tapping was very different from the 25 mms. 
Secon Hf lon required. Accordingly, during the actual run which usually lasted about 
Was ed the experimenter occasionally corrected the subject if the average amplitude 
RM about IO mms. or above 35 mms. peak to peak. 7 1 * 
Pen de different levels of applied pressure were used so that in each instance 25 mms. 
eight ection corresponded to forces of 25 gms. weight; roo gms. weight and 400 gms. 
Subject The order in which these were tested on each side was randomized, half the 
oa her half on the left. j 
also tested on both sides for 
standard dartboard 
for the centre of the 
d recorded 


that the application should be at 
e deflection after 


Were 


Popeye, tésted on tha right side fret and the ot 
in? Cur, ment 3. The subjects used in experiment 2 were i 
b. the us acy with which they could perform in an aiming task using a 
Sarg au manner. In this instance, subjects were requested to aim 
Or each ery time and to throw darts singly, the error of aim being messe Ie 
alf dart, which was withdrawn before the next was thrown 15 Second A n 

the tef} the subjects were tested first with the right hand and half were first te 


ed with 
eft 
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RESULTS 
Experiment y. The differences between the mean errors (in mms.) of 2x subjects | 
for the two sides at both the gradual and maximum rates of application were tested 
for significance by "t" test. The mean values are given in Table I, together with the 
results of the “t” tests. 


TABLE I 


CoMPARISON OF THE MEAN ERRORS (IN MMS.) OF THE 

PREFERRED AND NON-PREFERRED HAND IN 21 SUBJECTS 

iN REPRODUCING A PARTICULAR PRESSURE AT TWO RATES 
OF APPLICATION 

pus 0 D LLMW————————— 


Fast Application | Slow Application 


Preferred. | Non-Preferred | Preferred. | Non-Preferred 


12:69 dius 2279 6:25 6:83 
Not significant Not significant 
t = 0:007 f= 0:9t 


ee g—— ABE 


Although the mean errors at both the fast and slow rates of application were le55 


when the preferred hand was used, the differences are not significant. t 

Experiment 2. The oscillograph records of the finger-tapping were analysed ove 
a period of ten seconds and the rates derived in cycles per second. The differences ? 
rate between the two sides at the three different force values for the ten subjects We S 
tested by “t” test. The results are given in Table II together with the mean value 
in cycles per second. 


TABLE II 

E. TION 

COMPARISON OF THE MEAN RATE (IN CYCLES PER SECOND) OF FINGER OsciLLATIO 
ON THE Two SIDEs IN 10 SuBJECTS AT THREE DIFFERENT SENSITIVITIES 


25 gms. 100 gms. 400 gms. 


Preferred | Non-Preferred | Preferred | Non-Preferred | Preferred Non-Preferred 


5045 | 3:505 4735 47042 4324 | 3:818 
Significant P <o-oot Significant P <o-02 Significant P <00! 
Pico. fes s : A -dt 00! 
There is a significant difference in speed of tapping between the two sides át ° 


force value tested in favour of the preferred hand. 

The consistency of cycle length on the two sides was determined by me 
inter-peak distance for successive cycles throughout the ten-second period pre 
analysed on all records and plotting the results as in Figure 1. n 

The values plotted are for one subject only, but the trend is considered repres yol 
tive of the results as a whole. There is very little difference in consistency 9" 740 
length at the different force values with the preferred hand, although the Spo and 
tapping is greatest at the most sensitive calibration. With the non-preferre iue 40 
however, the consistency of cycle length varies appreciably from one force V9 sl 
another and is best at the least sensitive calibration. Variation in cycle lengt i als? 
marked in the non-preferred hand at the most sensitive calibration whit 


corresponds to the lowest tapping rate. 


: ne 
asuring a 
vious 
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T eens 3 The mean errors, in cms., are given in Table III together with the 
of the “t” test of the differences between the two sides for the ten subjects. 


FIGURE 1 
L3 0-251” | 


L2 0239 EAM LLUISAAININEIIAÁATON 


LI 0-260” | 


R3 0205" pl———-.-——————— cx 
R2 Olt SA a ee 
Rl (3192? ney A ee ee 


41. a Sar —L— 


i 
5 io 15 20 2 30 35 40 45 “50 


Variati Interval number 
speed us tapping intervalon the two sides for one subject tapping at maximum 
MODA h the index finger at three different sensitivities for ten seconds. The 
e. DE interval (in seconds) is given in each instance. L = left side; 
ght side. In conditions r, 2 and 3, calibration values = 25 gms., 


100 P EIAS é 
gms., and 4oo gms. weight respectively for 25 mm. pen deflection. 


The 
Was E nos error was less for the preferred hand, but the difference between hands 
cant at only the ro per cent. level. 


TABLE IIl i 


COMPARISON OF THE MEAN ERRORS (IN 
CMS.) OF THE PREFERRED AND Non- 
PREFERRED HAND IN IO SUBJECTS IN 
AN ArMING TASK 
CTA c o 
à 


Preferred Non-Preferred 


12:29 15:85 
Significant P «o1 
t = 2:06 


n 


| W. : : NI $ 
| fir hen questioned on completion of the experiments 20 of the 21 subjects in the — 


S En ment said that they were right-handed and one left-handed, although noni 
a particular preference in this task. In the second experiment, han 

e with a better mean performance, but in the 
fact three subjects showed a better average 
n one subject was this appreciable. 


P. essed 


fe bone in each instanc 
x Sk this was not always so. In 
non-preferred land, although only i 


min, 
With a 
| Ing Discussion ^ ^ 
three ane three experiments, the different tasks may be considered as Ud 
num ifferent levels of motor complexity. Apart from the fixing activity of a g 


er 5 E S STI the movement Was 
Pro of muscl the first experiment 
bab cles in all three tasks, I dd contractions of the finger flexors. 


In qo prod i 

| t uced by little more than the gra ; 

" achie® Second and third experiments, however, the required result pec n 
ed by the contraction of several muscles in a particular order. n 
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experiment this serial muscle activity involved the alternate contraction of the finger 
flexors and extensors with the interval between the contractions of antagonistic 
muscle groups as short as possible. In the third experiment, many more muscles 
were used not only in a particular order, but probably with critical time intervals 
between the contractions. 

It is true that in the first two experiments the amount of actual movement of the 
finger was negligible, while in the aiming task quite appreciable displacement of the 
limb occurred. It must also be noted that in the first and third experiments the pet 
formance was scored in terms of the accuracy of execution of the movement, while 
in the second task speed of movement was the criterion. Yet neither of these facts 
can account for the results which vary independently of these conditions. On the 
other hand, the records of consistency of cycle length in the speed of tapping task do 
support the view that differences in the serial organization of the muscle activity 
required are responsible for the differences between hands where they occur. Certainly 
there is a close correspondence between speed of tapping and consistency of cycle 
length so that the more consistent the time interval between taps the higher the rate 
of tapping. J 

The results suggest therefore, that in making simple muscle contractions, one 
hand is no better than the other providing the factor of “timing” is not present. 
any movement requiring the serial organization of muscle activity involving, that * 
to say, the timing of the component parts of the movement, then the hand use 
becomes an important factor. Thus, in experiment 1, in either the fast or slow runs, 
there was no detectable difference in accuracy between the two sides, while in 
tapping series where the contractions of the agonist and antagonist muscles had to 
carefully timed to alternate with one another, the difference was highly significan" 
Similarly, in the aiming task, many muscles are used serially, and it seems likely th 
the same factor of timing of the right moment for each muscle to act tended to disc? 
a difference between hands. 

Yet it is possible that handedness, implying some form of inherited or inbor? 
lateral dominance, was not the determining factor at all. The differences could mO" 
easily be attributed to usage or training which would account for the dou ; 
significance of the differences between sides in the aiming task, in which girls do, € 
the whole, receive little practice. Certainly all of the present subjects except one sa 
they had rarely, if ever, played darts before. The exception was one of the only 


subjects who showed a marked superiority of the preferred hand in this task- esult | 
r 
f 


It has previously been suggested by several authors that handedness is the 
of the environment and not heredity. To test this hypothesis in the tasks 4 r 
used a second series of experiments was carried out. 


à 


SERIES 2 


INTRODUCTION 4 of 
The strongest claim for a genetic basis for handedness comes from the ae R fof 
dermatoglyphics, for, as Newman (1934) points out: “After an extensive seare eel 
morphological criteria that might be useful indicators of inborn differences sion v 
functional right- and left-handers, we have been driven by a process of exo pe 


use palm, finger and sole papillary patterns as the only available materia M 


study...." "The main advantage for this study of palm, finger and sole patte foet 
in the fact that they are determined and fixed for life during the third month nent 4 
life and are not at all influenced by post-natal functioning of the hands.” Consed ptio” 
the demonstration that there is an association between the asymmetrical distr! 


| 
| 
l 


Tee 
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9f palm and finger patterns and functional handedness (Cromwell and Rife, 1942; Rife, 
1943) scems to provide conclusive evidence that at least some part of handedness is 
inherited (Rife, 1950). However, it has recently been shown by Holt (1954) that 
although the ridge count characteristic of finger prints is inherited, its asymmetrical 
distribution between the fingers of the right and left hands is not inherited, which 
ie Cast serious doubt on the validity of the assumptions underlying previous work 
p. gung dermatoglyphics to handedness. 
th Evidence from other fields on this question is again inconclusive, but suggestive 
at training at least plays the major role in determining handedness. Hildreth 
(19490), in reviewing the literature on handedness with particular reference to child 
SET opment concludes, “The most that can be said is that heredity furnishes the 
ates human infant with two hands and arms that are about equally responsive to 
he ave, and an active mind that is capable of learning complex motor adjustments. 
evel Planation that best seems to fit the facts is that handedness is the product of 
o x rasta integration. People are right- or left-handed because they have learned 
The 9t because they were born that way.” l i j 
displa evidence from animal studies seems to indicate that in those species which 
o B y one-sided dominance, there is no consistent preference for one side or the other 
increas; while observations from neurological material tend to show in ever- 
facts (GIE numbers that one-sided cerebral dominance is an over-simplification of the 
a ms and Cole, 1952; Goodglass and Quadfasel, 1954; Zangwill, 1954). It has 
rather qo, Suggested by Blau (1946) that such cerebral dominance is the result 
st than the cause of handedness. : 
differen tently, the second series of experiments was designed to determine Men 
Could en In performance on the two sides in the three tasks previously describe 
lon of - accounted for by training. Subjects were tested in the accuracy of reproduc- 
Wag Pressure using two different body members—the index finger and the big toe. 
for gi considered that while the index finger was normally offered ample opportu ao 
in so erential training on the two sides, as the feet were usually completely enclose: 
pme form of footwear, any differences in performance here could hardly be 
Cable on the same basis. The use of practically all male subjects in this series 
the ered mainly to confirm or reject the conclusions of the first series E 
aiming ta D Significance of the difference in performance of the Wie icum M 
eir q Sk. However, it must be stressed that these subjects were not s s 
att-playing ability, which was quite unknown to the author prior to tes ing. 


Was 


E . : d as subjects 
thr ne males and one female, all members of the Department staff, were used as subj 


Shout, Al subj à ieht-ha 
ae! u T a ; were right-handed. ; 3 

a giten t Piece at d esr on dhe two sides was compara 
Own a ual rate of application using the big toe. Subjects made each contracti 

Sue Which was usually of the order of 2-3 seconds duration. h the plantar surface 
9f the pects lay in a supine posture on a well-padded table-top wit z The big toe 
ftom eie foot being tested strapped firmly against a flat ode card and was quite 
free to moy tatarso-phalangeal joint projected beyond the end o Es 
thee ftrain-gauge apparatus used in the first series of pao ee Td Gadiss 
9-5 in.) GTaspectof the distal phalanx of the great toe was just clear o notatarso-phalangeal 
long" Subjects were required to attempt flexion of the big ER keep 100 gms. weight 
“PDlieg ie apparatus was calibrated to give 25 mm. pen de ath in grading the applied 
Press for al] Subjects, except one who experienced great dimen ex weight applied. 
The ace? 50 that he used thelesssensitive calibration of 25 mms. for ib egtións was 0-024 in. 
and one amount of displacement of the brass disc for the two cà dm sc atepinettio iie 

°96 in, respectively, so that the contractions can be considere 
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procedure was as previously described for the finger, except that subjects were allowed E j 
keep their eyes open all the time, as it was considered highly improbable that they coul 
gain any visual indication of pressure applied in this posture. " 
Half the subjects were tested first on the right side and half were tested first on the left. 
Experiment 2. The same apparatus and posture was used as in experiment I, but 
this time the speed with which subjects were able to tap the big toe on the right and left 
sides was compared. The same calibration was used as for experiment one and the same 
method as that given in experiment 2, first series, for the finger-tapping experiment; 
except that in this instance the toe was not strapped to the brass disc. This was considere 
advisable in case the movement became too erratic and the apparatus consequently 
damaged. is " 
Experiment 3. The accuracy of application of pressure on the two sides was compare 
using the maximum rate of application with the index finger. The details of the experimen 
were otherwise as in experiment 1, first series. Hal the subjects were tested first on the 
right side and half were first tested on the left. A 
_ Experiment 4. The speed with which the ten subjects could tap with the index finger 
on each side was recorded in the same way as for experiment 2 in the first series, excep 
that only one calibration value was used. The apparatus was adjusted so that 25 mms 
pen deflection corresponded to an applied force of 25 gms. weight. " m 
Experiment 5. Finally, the ten subjects were tested on the aiming task described 1 
experiment 3 of the first series. The method was precisely the same as before. 
4 li e 
i 2 RESULTS 
The mean values of the two sides for the ten subjects in each experiment are given 
in Tables IV, V and VI, together with the results of the appropriate "t" tests 9 
significance. 


Comparing the performance of the right and left big toes, there is no significant 
difference between the sides irrespective of whether accuracy of reproduction IV 
pressure is compared or speed of a reciprocal movement as can be seen in Table a 
In fact, it is perhaps surprising to note that the mean error of reproducing @ particu 
pressure is less with the left big toe (which is true of six of the ten subjects usce 
while the mean tapping rate is very slightly in favour of the right side. 


dw 


TABLE IV Aa 

COMPARISON OF THE MEAN ERRORS (IN MMS.) OF THE RIGHT AND 
LEFT SIDES IN ro SUBJECTS IN THE REPRODUCTION OF A PAR- 
TICULAR PRESSURE AND MAXIMUM RATE OF TAPPING (IN CYCLES 
PER SECOND) WITH THE Bic Tor. 1 


i 
Pressure ey à 
(slow application) Tapping ^ | 
Preferred Non-Preferred Preferred Non-Preferred 
(right) (left) (right) (left) 
P d 
8:84 737 2775 2:73 
Not significant : Not significant 
t = 1:743 t = 0:207 


—— ————— MÀ — O l 
B uc 

: ra f o 
There is no significant difference between the two sides in the accuracy of repr” ge 


tion of finger pressure as can be seen in Table V, although the mean error i5 les the 
preferred or right side. Table V also shows that the mean rate of tapping wate p 
index finger of the preferred hand is significantly higher than with the 


contradistinction to toe-tapping. 


" 
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The oscillograph records of the tapping experiments were analysed over a period 
of I0 seconds, and the rates derived in cycles per second as before. The difference in 
Consistency of cycle length between the two hands confirmed the results of experi- 
ment 2 in the first series. Differences between the big toes on each side, however, were 
difficult to discern and sometimes favoured the left side and sometimes the right. 


TABLE V , 
Comparison or THE MEAN Errors (IN MMS.) OF THE RIGHT AND 
Lert SIDES IN 10 SUBJECTS IN THE REPRODUCTION OF A Par- 
TICULAR PRESSURE AND MAXIMUM RATE or TAPPING (IN CYCLES 
PER SECOND) WITH THE INDEX FINGER 
e  - reO dW La 


Pressure " " : 
(fast application) Tapping * 
Preferred Non-Preferred Preferred Non-Preferred. 
(right) (left) (right) (left) 
9°85 1044 5:203 4074 
Not significant Significant P <o-o1 
t = 04297 ; 


* 


=A a 
Typical re 


cords are given in Figure 2, which shows the consistency of cycle length 
uring rur j 


1s with the fingers and toes of each side in one subject. 


FIGURE 2 


INT. 0:4957 


R.T. gge!” 
` N 
LF. 0307 l an ch pe aa 


s 
R.F, 0-178” Pea A ee ie 
a. ee ee TREE 


Seis, 15 20 25 *30 35.0 6 


Interval number " . ' "m. 
ariation of tapping interval on the two sides for one igbjec d eh ps 
es Speed with the index finger and big toe for ten nons ds. NIU ee 

erval (in seconds) is indicated in each instance. s E 3 ri 
side; T = big toe; F = index finger. 


n i 2 gh signific i in the aiming task, as can be 
i I i igni i nce between sides 1 
In. bl 1 ly igni ant differe e 5 


à 
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TABLE VI 


CowPARISON OF THE MEAN ERRORS (IN CMS.) OF 
THE RIGHT AND LEFT SIDES IN 10 SUBJECTS IN 
AN AIMING TASK 
= ———À ———— He EE 


Preferred. (right) Non-Preferred (left) 


qo, S. 11:49 
Significant P <o-o1 


SSS 


DISCUSSION 
that 


The evidence from the second series of experiments confirms the hypothesis 
jous 


differences between the two sides are more easily explicable in terms of prev 
usage or training than in terms of any inherited characteristic. Thus, there is nO 
reliable difference in performance between the big toes of the two sides no matter 
what the type of task, presumably because one side has had no more opportunity for 
training than the other. Differences do show up in the finger-tapping and aiming 
tasks, probably because one side has received greater training either deliberately Of 
incidentally in such activities. It may well be, of course, that with a much larger 
number of subjects, differences between the right and left sides in the task requiring 
accuracy of application of pressure would become evident, although this is hardly 


indicated in the present experiments. ` : 
to selective 
peri- 


ponent parts of the movement are likely to be important, and where training 8°; 
previously have taken place. The implication is, therefore, that this factor of tT! né 
is important in the learning of any movement where serial muscle activity is inVO er 
In a previous investigation where the maximum rate of turning a crank han 
with the preferred and non-preferred hand was measured (Provins, 1953), 4 significa? 
difference was found between the two sides in favour of the preferred hand. Further 
more, during the course of the experiment, considerable improvement in rate Fe 
turning was recorded by all subjects, who showed a greater mean improvement on E 
non-preferred side. At different phases of this investigation, the forces exerte at ui 
control handle during the movement were recorded and are now analys? 


discussed in the present report as the third series of experiments. 


d an 


SERIES 3 
INTRODUCTION ad 
The question of "timing" has been discussed widely in the field of sport, ial 


particular attention has been paid to analysing the factors involved in the £9 
In each instance emphasis is laid upon the correct timing of the various move ten? 
relative to one another. Electromyographic studies of the golf swing an^. java! 
stroke (Slater-Hammel, 1948; 1949) confirm the preciseness of timing of the indiv jo? 
muscle contractions and their consistency in skilled players, but their wide vat 
between players. 


. 
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Moos here eppeus to be no evidence available to show if this preciseness and 
ertak t ye improves with practice, and the present report was therefore 
jS the tk ith this aim in view. ; f 

Sra Ed wed un and toe-tapping experiments described in series 1 and 2, 
E dns m: ecords were analysed in terms of consistency of tap interval and con- 
ipm lesen concerning the timing of the alternate muscle contractions involved. 
iting a s tap the same procedure was adopted using the records of force applied 
involved ns. ry movement of the hand in a handle-turning task which primarily 
uM Mr onem of the flexors and extensors of the elbow and shoulder joints 
B respondi rsequence. It was considered that measuring the time interval between 
records take g vepres contractions in successive revolutions of the handle from force 
béasure of an a : he beginning and end of the experimental series would provide a 

S pointed "E mere in consistency of timing attributable to training. It should 
certain varisbi at the experiment was primarily designed to study the effects of 
took plac ables on the speed of turning a crank handle, and that the training which 

€ was incidental to the main investigation. 


APPARATUS 


The a 
a 3 A ] : 
Pparatus consisted essentially of a machine which mounted a crank and was 


Capable i E 
of being adjusted to provide the required load or turning resistance. The working 


Part of H 
Polished ace mechine consisted of an axle having a 4}-in. radius crank at one end and a 
, one end. RA of 3 in. radius keyed to theother. Thedrum rotated over a webbing 
Suspended ro at which was secured to the frame of the machine and the other to a freely 
the direction of er, Weight, Which was changed from one end of the belt to the other when 
earings ant QR rotation of the crank was reversed. The crank was mounted on two ball 

d free to rotate on the shaft of the machine, but in fact turned it by driving the 


FIGURE 3 


Strain-gauge crank 


A) Crank fitted with ball bearing. | ) 
(b) eyed beryllium-copper unit with strain gauges 
(C) Slip rings rotating with shaft. Te 
(D) Fixed ebonite block and wire brusne?- 
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beryllium-copper unit which was keyed to the shaft as shown in Figure 3. The contact 
between the crank and the beryllium-copper bar on which were fitted two stram gavem 
was by means of two steel balls which allowed movement of the two units with respect to 
one another in all directions except in the direction of rotation. The leads from the strain 
gauges were taken to three rhodium-plated slip rings which rotated with the shaft a 
on which three plaited silver-palladium wires made continuous contact. To the framon aa 
of the cranking machine was attached an ebonite block which mounted the wire brus a 
from which leads were taken to the rest of a Wheatstone bridge circuit and through 8 
A.C. amplifier to a Brush pen recorder. i ling 

The apparatus was calibrated by connecting the machine through a flexible coun aa 
to a variable speed D.C. motor. The crank was replaced by one-half of a flexible couP F e. 
which was driven by the motor against the load imposed by different weights hung 0? at 
webbing belt. The calibration graph of the apparatus is given in Figure 4. The torque $ 
any braking resistance within the range indicated was found to be constant irrespective 
the speed of rotation within the limits of the speeds used (25-250 r.p.m.). 


FIGURE 4 
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Handle load (in kgms.) at 425" radius 


5 10 15 20 25 


Kgms. weight applied to friction drum 


Calibrati i 
alibration graph of cranking apparatus spon se 
The frequency response of the recording system was limited by the frequency re 
of the amplifier and pen unit, which, however, was flat from 05-80 c/s- 


METHOD selY 


The apparatus was set up so that the axle of the machine was positioned tran 
to the operator who was instructed to adopt and maintain as well as possible di in£ 
task, a comfortably erect sitting position. A typist's chair was used and a restraiD os] 
fitted round the subject's waist to the bottom of the backrest prevented hb D 
altering his position during work, but otherwise allowed him freedom of posture. o ea 

Six healthy male students were used as subjects and attended at the same oct 
day for five days a week for just under four weeks. In each session, each $ 5 
required to turn the crank 54 revolutions at his maximum possible speed at €4° 4 and os 
and was given either eight or twelve attempts in all. The time taken was note’ ext t 
subject given knowledge of results and instructed to sit quietly and rest until bis 
after five minutes interval. 


'"HANDEDNESS'' AND SKILL 9r 


Ea perimental variables studied included seat height, reach, direction of rotation, 
A ns and training, as reported elsewhere (Provins, FOSS)» feed, d 
the Rendle ong of the second session and the final session, the variation in force exerted at 
erbe ooe crank during a typical run was recorded with the strain-gauge apparatus 
88 with ea n Een these two recordings each subject had received 176 practice attempts; 
Telative sapie turning clockwise and 44 anticlockwise, in six different seat positions 
achir rork 7 
EE enc. ine, representing the full range of working conditions in vertical height 


Typical RESULTS . l ; 

is Wm records at the end of training from two different subjects using the same 
Figure € in the same direction in approximately the same posture are given in 
Tae th he recording conditions were precisely the same for each record, which 
e variation in force applied during each revolution, in consecutive 


revolutions., 
FIGURE 5 - 
, | =e SaaS SS 
E 
v 
E 
E 


Paper movement 


Variation ; 
OH in force applied to the crank handle recorded 
On-preferred hand in two subjects (10 mms corresponds 


during turning with 
to 4:5 lbs. variation 
hare load; paper speed = 12 cms./sec.). Arrows indicate same position 
of crank handle in successive cycles- 
ae i ite consistent 
for Sane be seen that while the general pattern of orce is n pr 
however Subject, there are characteristic differences OF -iire 
; May have been due to slight differences in po?" Er 
definas records were analysed by uA. the distance betwee a wd scu 
às in &. Peak in 20 successive revolutions and plotting the var 


i eL e of the six subjects turning j 
With RE 6. Records of consistency are ae oe eo due Teen 


Over Rb hand in a clockwise direction ^ :ect are not available. 
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Greater consistency is evident after training in four of the five subjects, although 
this is more marked in some subjects than others. The distance between peaks gives 
a measure of the rate of turning which in every instance is, of course, higher after 
training. It is also interesting to note that the cycle length tends to increase during 
the run before training, whereas, after training, the inter-peak interval is much 
more constant. 

FIGURE 6 
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Interval number 


Variation of interval (measured in cms.) between corresponding successive peaks 

in cranking records of five subjects before and after training (continuous ine 

before training, broken line—after training; paper speed 12 cms./sec.)- The 

left-hand turning clockwise was recorded in each instance. Subject number s 
was left-handed, others right-handed. S = Subject. 


DISCUSSION sect 


While the difference in consistency between the cranking records for each si ds 
before and after training is not always so marked as in the finger-tappinÉ t the 
between the preferred and non-preferred hand, it is perhaps surprising gne 
improvement shown in Figure 6 should be so clear as itis. The cranking exp 
was not designed to provide a training situation and the frequent chang 
position relative to the machine enforcing different body postures coul 
been conducive to consistency in muscular activity. Even so, there seems 


oe 
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definite im 
improvement with training i ‘ 
Was applied z | training in the regularity with whi i 
1n speed of enm IARE phase of the Beban a a c d 
pum ate asde Feet ag to an increase in consistency of the "timing" Dn 
other M ea timing of the overall response relative to some sti i 
Hed by vie sid Mr oe eps vei functions has eni d 
presents a s 3 | others (Poulton, 1952; Singleton, 1953; à 
qpPropriate ete different aspect of skilled hase pes Sia 
© some external Prin the response as a whole should be made in velition 
ad are thus two sta dues may be considered as primarily a perceptual problem 
moment Pans be involved, one concerning judgment of the appropriate 
pe (which has aig ud to be made in relation to external conditions, and the 
Ey muscle contraction ussed in this paper) concerning the serial organization of 
= Ge (/soma-etinnine comprising the movement. The timing of the response 
a Same way that th is therefore dependant on the organization of the response 
im e contractions mu "Tp meus of the response or timing of the individual 
"tract in order to aedi - dependant on knowledge of the appropriate muscles to 
A the distinction bets he required movement. As Fleishman (1953) points out 
i Eon Class of skills tens perceptual and motor skills is a somewhat arbitrary 
$ ent tasks.” The bo mel represented in varying degrees in the performance of 
S Whereas the bride -aimer, quoted by Bartlett (1947) has mainly a perceptual 
à ement to achieve MSc di or golf-player has primarily to master a highly complex 
AS Wasequ Er dips h success. Most skilled tasks lie between these two extremes 
any ‘he ford (1951) Mrs i eena e of organization at both levels of behaviour. 
i me in the DER ut... It can thus fairly be said that there is in use, at 
ui n ome of these an nee of a skilled task, not one but a whole hierachy of organiza- 
Moment: others e concerned with the immediate details of what is being done 
are concerned with more general aspects of the task, integrating 


the q 
etails i 
Int i 
o larger units—in a sense using them.” 


CONCLUSIONS 


e eviden c 
5 € suj a 
iggests that: Firstly, handedness is determined largely by training 
characteristics. Certainly, 


nvir 
No g; onm: 
ental factors rather than by any inherited 
nding parts of the body on 


d have taken place, but only where 
d could 


training on 
tag Pared with : he aiming task for 
the highly significant difference between the two sides in the same 

econdly, if skill is defined as “ability 

f the essential characteristics of a 
Jes used. This "timing" or 


Skilleq PY practice" 
it led A actice” (Thorndike, 1948), then one o 
y movement where several 


Ovement i TRADES 

à of m is the "timing" of the various musc 

SS act seri scular contractions is displayed in an 
erially or alternately. 
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BOOK REVIEW 


The Subnormal Mind. By Sir Cyril Burt. Third Edition. London: Geoffrey Cumberlege- 
Oxford University Press. 1955. Pp. 391 + xix. 

This is a third edition of the book which first appeared in 1935. It has a new preface 
and footnotes, but there appear to be no important changes in the text. The book describes 
and explains all the mental abnormalities of children, intellectual and temperamental, 
with the exception of childhood psychosis. In the last twenty years it has become widely 
recognized that psychotic conditions can exist in childhood and it is perhaps a pity that 
Professor Burt has not brought his book up to date in this respect. Apart from this, 
intellectual and personality abnormalities in children are discussed comprehensively an 
with case histories and as description the account is probably the best available. 

In psychology it is refreshing to read a book which is written judiciously an 
common sense. Professor Burt does not put forward any views which might seem tot 
layman implausible or dangerous. He advocates firm discipline for the delinquen 
reassurance for the anxious, special schools for the backward. The attitude is brow. 
minded and eclectic. While viewing psychoanalytic theory with caution, the author accepts 
the Freudian mechanisms accourting for phobias and conversion hysteria. Due allowane 
is made for both constitutional aul? *nvironmental factors in the discussions of the causati 
of mental conditions. í 

Theoretically, Professor Burt rests largely upon the theory of instincts and sentiment 
put forward by McDougall. Some readers, especially if they are experimental psyc D rof 
gists, may regard the foundations of this theory as insubstantial. Probably the ener 
problem concerns the differentiation of the postulated instincts and the implication E he 
empirical relationships can be established between stimulus and response. Accepting 7 1 
dualism in which this theory is cast, in the case of both the observable and the emotio! 
response a distinction should be made between the social instincts and those induce! 
some internal condition (e.g. food seeking, sex), together with escape. For the seco 
group, relationships can be established between stimulus and response, SO long 85-5 
response is defined as an activity which terminates the stimulus situation, e.g. relation? B 
can be established between hours of food deprivation and eating activity. It is dou the 
whether any comparable relationships can be found for the social instincts; one of jon 
most impressive attempts to establish such a relationship, the frustration-aggre*? 
hypothesis, has been recognized as untenable. " ‘ tis 

A similar distinction should be made in the question of the emotional response. aed 
likely that in the case of internally induced “emotions relationships can be establis 
between stimulus conditions and conscious feelings, e.g. food deprivation and fee 1y- 
hungry. Everyday experience suggests that no such inductions are possible for extene me 
induced conditions. Thus given a policeman’s rebuke, some people will feel fear, ems 
anger, and others pride, curiosity, gregariousness or mirth. For this reason i Se 
plausible to many writers to regard these reactions as learned. At any rate, in the P 5 ncy 
state of knowledge there is little evidence to support Professor Burt’s view that deling" g an 
should be ascribed, even in part, to a stróng instinct of pugnacity, or even that SUC 
instinct exists. j 40 

These theoretical issues, however, do not greatly affect the descriptive conte? the 
Professor Burt's book and this is its chief purpose. As a straightforward accou”! i 
psychological disorders of children it will remain a standard work. R 
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Man : 
Y of the te: 
r : , 
ms used in the literature on reactive inhibition are:vague, subjective 


9r inco 
A rrect 
Since i, ct The wei A 
it records PA a eae bar is not a suitable device in the study of this problem, 
nt aspects of behaviour. An experiment using apparatus which 


Bives a e 
esu, "Btinuous 

activity ter S OE of the force which a rat applies to a knob produces the following 
t Der reward is Practice, pressing becomes sharp and brief and the amount of 
reduced. Under conditions of no (intentional) secondary reward 

correlated with the average 


amo 

activi. t of activi : 
ivity during extinction is at first positively 

hes as extinction proceeds. 


Wit ity per rewa i 
h audi ory ie ag training, but the correlation diminis 
ary reward there is no correlation. 


INTRODUCTION 


sis that ot have been performed to test t 
ments uL involving more effort are more easi 
3 al treatment y here are those in which a weighted bar has been used. A 
the 9 Press a ba; f the problem is that of Mowrer and Jones (1943). They trained 

T for food. Weights could be fixed to the far end of the bar to vary 


he reactive-inhibition 


N Merous é 
ly extinguished. The 


u; 
ypothe 
Xperj 
YPic 

Tat, 


e 
8o . Ortfulness of moving i 2 t 
git. The weights on successive trials were 5, 30, 5» 55) 5 

bar weighted with 5 gm. an 


9,5a 

condi gm, oe gm. The final rates of pressing the bar d 
three tons was inis per min. and 4-1 per niin. and equality of training on the two 
The _8'ups and erred. For extinction trials the rats were randomly assigned to 
tege eM numbe presented with the bar weighted with 5 gm., 425 8™ and 80 gm. 
anq CME tak TS of responses during extinction were 3503. 248-4 and 11077, tus 
s z 5 z indicate a negative correlation between effortfulness of task 
extinction thesis. 

paaa te a o8 y ining was equal on all three 


Weight CXPer ^ 
i iment is mis-quoted, to the effect that trai 
and Osgood (1953), but these 


Montgomery (1952) 
sing similar app 
ed that work ". - bears 


Qu OY H 
Tho ots ull (1943), Solomon (1948a and 1948b) 


ho acce 
Mpson Pt the conclusion. Applezweig (1951), 


( aa I Š 
A un et a in have investigated related problems u 
fact ation to 954) criticized these experiments and conclud : tdi 

Cong; Not ac Tesistance to extinction”. This statement is offered as a jut 
that der "he logical principle. Stanley and Aamodt (1954) agree with this i 
exti Tequirin the Mowrer and Jones study « ,,may be regarded as soe ing 

Netion»» 8 forceful responses during conditioning yields forceful responses dune 
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There are three types of variable referred to in this literature :—(1) variables like 
effort, difficulty and fatigue, rich in associations which give the hypothesis à prima 
facie plausibility, but vague and subjective, (2) various (putative) physical correlates 
of effort, such as “. . . energy consumption or work (W)" (Hull, 1943) or g™- mass 
(Stanley and Aamodt, 1954), which are mentioned but not measured, and (3) the 
experimental independent variable weight, which ostensibly determines the effort- 
fulness of pressing the bar, and the experimental dependent variable, number 9 
responses. Much confusion can result if discourse is allowed to slip from one type 
of term to another. The terminology preferred by the writer is given below. 


Energy expenditure and mechanical work ‘ 

Power is expended whenever a muscle is activated. If instantaneous P 
varies, the total energy expended is the time integral of power. Under isom' 
conditions instantaneous force varies with power, and impulse, the time integ! 
force, is correlated with energy, but no external work is done. When the mus 
activated without constraint, energy is expended, impulse is nil, and no exte h 
workisdone. In both cases all the energy generated is dissipated as heat. Thore 
no work is done, prolonged stimulation leads to a decrement in activity. ^ Ao 
general case, when the muscle contracts to some extent against an opposing foro - 
part of the energy generated is devoted to mechanical work outside the muscle. ion 

Energy expenditure and impulse are functions of force and time, work isa funcUP, 
of force and displacement. There is no general relation between energy an 
the relation depends on the skeletal and mechanical systems to which the ™ 
attached. In the intact animal, impulse is an approximate measure of eus 
expenditure, provided that movement is slow. and all presses are performed e ol 
similar manner. Under the same conditions force is an approximate measu" 

" 


i 
uscle 1 


power. : of 

‘ There are two important points:—(1) work per se is irrelevant to any study rx 

fatigue or related phenomena, (2) if energy expenditure is the relevant factor 

is not an accurate measure of this. 

The weighted bar ; ig 
Consider a pivoted bar of negligible mass, loaded at the far end with @ vem 


W gm. at a mean distance L cm. from the pivot. The bar can rotate 4 sma” forc? 
about the horizontal, between two stops. The weight applies a moment €. forc? 
W x Lgm. cm. tothe bar. Ata point l cm. from the pivot at the near end 
required to move the bar and produce a reward (Fx) is determined by the aod 
Fg Xx 1 >W x L. If the region of the bar where force may be applied is fix 
small compared with F,, Fr >W x L/l. The last condition is essential P. seh 
is to be a valid experimental variable, i.e. to set the rat a specific situation. , , py? 
and Jones (1943) state that their bar projected 4} in. into the cage. Judginé iple 
photograph of their apparatus, all parts of the 44 in. appear more or less aca r 
to the rat, and since the pivot appears to be about x in. beyond the cage ied we 
variation of leverage of the order of 5 to 1 is possible. If the weights deter? ; g^ 
force required at the near extremity of the bar, then the weights used, 5 £^ ps | 
and 80 gm. set ranges of Fg of the order of (5-25) gm., (42:5-212:5) 8M- and ( 


Bp : pe fo n 
(a) When the applied force is less than Fg gm., no matter how long * put l j 
sustained, the bar does not move: Impulse and energy are expended, orf 


recording apparatus, which depends on movement, makes no recorc- 
done on the bar. 
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(b) If the applied force only slightly exceeds Fg gm. the bar moves slowly to the 
Stop, a distance of s cm. A reward is delivered and one "response" is recorded, 
Which it is conventional to regard as one unit of effort. It is clear from the discussion 
above that such a "response" cannot be regarded as a consistent unit of impulse or of 
E An amount of work W x s gm. cm. is done on the bar, giving it potential 

ergy. 


(c) H a force greatly exceeding Fg gm. is applied, the bar moves rapidly and hits 
the stop with velocity v. Work done on the bar equals W x s gm. cm. potential 
energy plus W x v2/2g gm. cm. kinetic energy. The presence of the kinetic energy 
term, which is unpredictably variable, prevents the adoption of a "response" as a 
consistent unit of work. The variable weight is presumably chosen because of a 
Supposed linear relation with work. There is no such relation, and even if there were, 
Work itself is irrelevant. 
of ye important variable of which this apparatus takes no account is the duration 
às Press. Unless this is considered, 7o quantitative account of pressing behaviour 
pe The calculations in the experiments quoted are based on the assumptions 
and a recorded “response” to a given weighted bar involves one unit of "effort, 
a hat the size of the unit is determined linearly by the weight on the bar. For 

Y reasonable physical interpretation of "effort" these assumptions are groundless. 


FIGURE 1 


The writ; A d by a jointed 
Writing arm is hinged on a spring pivot (A), and is connecte Hate Se 


Coupli z t 
beam, te (B) to the V-shaped beam. The rat presses à knob p eed by the 


andles 
Spaghetti 


Th; n ses. 
SERE 3S account casts doubt on the usefulness of some classifications, cm By 
the Re and Aamodt (1954) refer to “force requirement per T UE CH 

Süt on the bar, and they used two classes of response, of zocm. Diis des 


ting 8886s bet lete bar presses 
TA ween I mm. and 1 cm., and comp : 27) employed three 
Applezweig rd A Above two 


fate 1S irrelevant to i ergy- 

Ori o impulse or energ. 3 

lasso s of responses, partial pressings and presses et is depresse: 

OUR d holding responses ". . - those in which the f “grams per response." 

"esse. qo Kinner (1938) presents results in terms á 
scribed under (a) above are nowhere considered. 
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It is evident from mechanical principles that any expression equivalent to “the 
force of a press” is ambiguous or syntactically incorrect. It may mean, either a 
variable property of a press (f), or mean force during the active time (fa), or peak 
force (p) or any other function, e.g. R.M.S. force, which has the requisite dimensions. 
(See Fig. 3.) Force does not characterize a press-as-a-whole; impulse does this. 


FIGURE 2 


The Deutsch spaghetti gun. 


In the forward position the blade (A) supports the spaghetti (B) in the a 
tube (C). When retracted against a spring by an alodio Qo ut blada 


breaks the magnet circuit, and on returning cuts the spaghetti whic 
fallen a measured distance to the adjustable platform (D). 


THE EXPERIMENT - 
ter? 


The questions treated in the present experiment are here stated in informal m 
It is found that in various situations different rats devote different amo T and 
activity, on the average, to obtaining a single reward. How does the amo Avi 
kind of activity vary during practice? How is the amount of unrewarde 2 
during extinction related to the average amount expended per reward? 
Apparatus 

The rat is trained to 
of 5 mm. of spaghetti. 
the cage. Only the k 


press the knob of the force recorder in order to obtain s f10% is, 
The knob is a 3-in. sphere placed about 2 in. from gat 
nob is available to the rat, and it is fixed to the en! 
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reg bar, so the possible variation of leverage is negligible. The force recorder, 

ustrated in Figure 1, makes a magnified inked record of the movement of the knob, on a 

| Paper moving at about 1 cm. per sec. The bar is not weighted but sprung, so movement 
a smooth and proportional to the force applied. When a force of Fg gm. (a value chosen 
EXC che experimenter) is applied, the force recorder operates the Deutsch spaghetti gun 
i ich delivers a piece of spaghetti, and a pen records the event. The spaghetti gun is 
Uustrated in Figure 2. 


FIGURE 3 
i 
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Training record of a well trained rat. 


FIGURE 4 


i t. 
Training record of a poorly trained rà 


So - read from left to right, 
Vit men ecord is reat izontally. 
wit force jens are shown in Figures 3, 4 and 5. The d time indicated Eoi ds 


i i h, and tH t 
Porc the indicated by the height of the gt@P> fo undisturbed for som! guration 
Y 


i Oo „Origina! men 
in Sec ndio, ea! record indicated that 


In any systematic manner. 
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Method 

The subjects were 12 male hooded rats aged about six months. Parts of seven days 
were spent in training each rat with Fr at less than 5 gm. During the next five days eac 
rat was allowed to produce 25 rewards daily. The rats were fed together for one hour 
after the completion of all daily trials, so spent upwards of 20 hours without food before 
the next trial. At the end of this preliminary training all rats had a well-established 
knob-pressing habit. Though no systematic records were taken up to this time, it was 
observed that a force exceeding Io gm. was seldom applied. 

For the experiment, four rats were randomly assigned to each of the 10 gm., 3o gm. 
and 5o gm. groups. For all groups Fp was initially ro gm. The 1o gm. group continue 
atthis value. For the 3o gm. group 5 gm. increments were made to Fp every other day 
up to a maximum of 30 gm. For the 50 gm. group 5 gm. increments were made to “Rr 
every day up to a maximum of 50 gm. 25 rewards were allowed daily. For the nex 
four days daily trials of 15 rewards were made at the maximum value of Fp. Thus at the 
end of training the three groups had well-established habits with Fr at 10 gm., 3° gni 
and 50 gm. 

FIGURE 5 


c 
ft SL EA: o arn 


Extinction records. 


a S, 
For the extinction trials each group was divided into a with class and a without bo 
two rats in each. Rats in the with class were allowed to hear the sound of the “g and 


spaghetti gun when they pressed with the maximum value of Fg. The sound is lov ded! 
distinctive. The number of successful presses (presses reaching Fa gm.) was re Tbe 
For the without class the spaghetti gun and its recording pen Sere disconnecte^- 
successive daily extinction trials were ten minutes, five minutes and three minutes: the 
Daily records were made during the first 15 rewards of the 50 gm. group fro" fof 
10 gm. trial to the last 5o gm. trial Records of the last two training trials were m tino 
E 2 gm. and 30 gm. groups. For all groups records were made throughout the 
ion trials. 


Data on the vecord and their utilization n 


ti 
The source of data is the record, which indicates a variation of force (f) throug” 


(t). i 
When the record has been divided into presses (in a case where this procedur? E 
ible) the following variables can be measured, as illustrated in Figure 3- imp 
presses (N) and number of rewards (M); active time (t;), peak force (p) and 

(i = ff.dt) for each press. 


ul? 


uade 
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ENS e ehamcieristics of pressing behaviour during any period are measured by 
time (F, = I ITA, (Ta = Zt), total impulse (I = Zi) and mean force during the active 
a). 
ae of an average press in any performance are average active time per 
G = zi /N) ue ), average peak force per press (p — Zp/N) and average impulse per press 
magnitude, ish measure of the form of an average press, independent of its absolute 
small one indi ns form-ratio (p/ts). A large form ratio indicates peaky pressing, and a 
Functions ca! ies a gradual increase and decrease of force throughout the press. 
reward in an which measure the average amount of activity devoted to producing a 
impulse y performance are average active time per reward (t^ = Zt4/M) and average 
per reward (i^ = Xi/M). 


Cha: ; 
n, ; " 
Ees in pressing during training 


Functi 
able Nia calculated for the 50 gm. group on each trainin, 


g trial are shown in 


TABLE I 


RECORDS OF THE 50 GM. GROUP ON SUCCESSIVE TRAINING TRIALS 


" Average 
Trial Average per press per reward 
MET 4 | iod imc cm Bu E 
leur Mean 
"Force Iu 
equi: ; 
aura xus Se 
Yeuayg | presses | active || Active Peak | F om 4 an iaraa 
NEZ i e vatio n 
B me time |Impulse| fore = 
E i'gm. 
R Bm, J i gm. pe 
i — ^ Fa gm. | ta sec. sec. p gm. P/a || t'a sec: sec. 
[Le | 2 
15 Fara 0:68 413 | 117 172 1:25 ee 
20 173 6-0 1:27 7:66 12:1 42 zx 
25 x d 73 1:52 ir2 175 1014 $78 403 
30 || 32 3 10:6 2:24 23:9 22:6 adj M5 
35 3 4 5 NA I9 234 5:37 62:5 
40 H 3 11-6 2:17 252 273 2 ari 
(x) 45 ud 2 152 2°14 32°4 aoe 40 58:2 
(2) 99 | 25 5 14:5 2:91 42:6 48 3:48 74:8 
(3) 59] 2o 3 21:5 2:06 443 493 dA 52:5 
(4)  39| x6 d 20 1:84 EE 217 | 426 
[529 ||| 2x : TO 1:98 36:8 590 28-1 2:02 46:6 
sall r 5 23:1 II 32:5 522 2:95 62:0 
73 21:0 257 | ser | 954 


The 
ren: 
aS orce rement in the ro gm. trial did not greatly e 
Perimen; ee performance was mocera 
e next four trials (in W : 
behaviour inadequate) are compared with : T. eodd are seen: 
trials th obtained under one condition) oa ees to number of rewards 
35). © number of presses N approximates more eatly changed (187 : r74) 


Dite € average active ti er press is not ET “meet the greater 
B inde ditfetence > ri ume $ eak force is increased to din 
i in Fg, the averag P active time per rewar 


eal rdi 
kiness is increased. The average 
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There is more evidence on these changes. The 50 gm. group performed with Fr 
at 30 gm. on the fifth training trial, before performance was at its best. The 30 gm. 
group performed with Fg at 30 gm. on the last five training trials, when they had had 
much practice. The functions for the two groups are:— 

Trial Press Reward 
Group Fr} N Fa ta i P pA t'a i 
50gm. 30 | 32 8-8 | 217 192 234 108 | 457 408 
30gm. 301205 15:2 143 217 2333 233 r95 296 

The corresponding figures for the 50 gm. group on the 1o gm. trial and the 10 gm. 
group on the last two training trials are:— 
Trial Press Reward 
Group Fg| N Fa ta i Dp Be, | t 'ü 
5ogm. 10|278 61 O68 413 11-7 17:2 r25 76 
Iogm. IO|I93 63 078 442 13-9 176 ro 492 


The general trends are:—fewer unsuccessful presses, increased average force 
during the active time, briefer and more peaky pressing, and reduction in average 
active time per reward and average impulse per reward. 

Now if a rat habitually presses with a small peak force and only seldom att i 
Fg gm. it will necessarily expend much time and impulse per reward, since so muc 
of each is wasted. But the rat which consistently presses with a large peak fons 
which it does only after considerable training, quickly produces rewards and i$ ab 5 
to cease pressing, thereby saving time and impulse. Thus any tendency towar 
“economy of effort” which expresses itself in a reduced rate of activity, i.e. reduce 
force and power, necessarily fails in its presumed purpose of reducing total exper a5 
iture. The reductions in t^, and i', far from substantiating “economy of effor ily 
considered above, indicate an opposed tendency, that the well-trained rat read 
exerts itself. 


ains 


Behaviour during extinction 


r 

A measure of performance during training is the average impulse expended Hi 
reward (i'), and a measure of extinction performance is the total impulse expo. 
(Is). These two variables are plotted in Fig. 6, for the with and the without cla T 
separately. For the without class, on each separate period and for the total extin? 
time, the correlation coefficients and their probabilities are:— 


Period T p 
I 0895  oor3 
2 0:826 0:043 
0-61 0:219 
Total 0:87 0-022 


Initial extinction performance is definitely correlated with training performant? 
the correlation diminishes as extinction proceeds. 


sa NO 
R . " is 
For the with class, which was given auditory "secondary reward, there P of 


lem 
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But during extinction, rats of all groups, no matter what forces they had been 
accustomed to during training, applied forces which are probably near the limit of 
the animals' capacity. This negates the conclusion of Stanley and Aamodt (1954) 
Tegarding the correlation between training forces and extinction forces. 

Judging by Figures 3 and 5, the rat, when well-trained, remains active until a 
Teward is obtained and then stops pressing in order to eat. Behaviour is divided 
Into portions by eating spells, and average eating time (about 10 sec. in Fig. 4) is 
the main factor determining rate of pressing. A press which does not immediately 
Produce a reward is either prolonged or followed quickly by a further press. When 
the food apparatus is disconnected, no eating spells occur to interrupt pressing, so 
Pressing occurs in longer spells (Figs. 5a and 5b) or is interrupted by short intervals 
(about 3 sec, in Fig. 5c). 


FIGURE 6 
WITH 


8 


le Gm. SEC. 


5000 


i a oe. WA e ENDE 
n o oo 
i' Gm. SEC. ted against 
"Pulse expended durmg extinction periods 1, 2; Aet total (is) Fe f 
0 average impulse expended per rewar ur 
Utby 


t " 
nd result in the weighted bar situation 
Stateg SXperiment illustrates an important distinc 


exp]; th 
"sonst licitly, but which is commonly obscured by 


x m died. Situation 
Tat is Put into a weighted-bar situation and its behaviour iom E xperimenter's 
contro] à TR as weight s the bar and delay of rores fos on the bar bap E. 
al i i ‘our in which 1! s ists of even 
led the nor eer ames. The result, which consis 
- It is measure 


obvious when 


; i ems 
tion which se se of the term 


e ambiguous U 
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produced in the situation by the output, includes movement of the bar, delivery of. 


food, noise of mechanism, etc. The result is determined jointly by output and 
situation. Given a certain temporal variation of force as the output, the result in 
terms of number of bar movements, etc., will depend on the weight on the bar. E 
the weight is great, a small number of movements is no indication of a small amoun 
: of output. 

oy response-produced (reactive) inhibition is evidently intended to me 
output-produced inhibition. But the measure commonly used is wu 
"responses" (of rewards or bar-movements). Result, not output is measured. im 
shows that the simple weighted bar situation is not suitable for studying react! 
inhibition. . : o 

The great variability of output in a constant situation is shown in Figur 
The horizontal dispersion of the values for the 10 gm. group (squares), the 30 8 : 
group (circles) and the 50 gm. group (triangles) indicates the wide range of aver E 
impulse per reward (i) for a constant Fg. The use of Fp as an independent Mew. 
to be compared with output during extinction would implicitly equate all tea 
outputs. The experimental situation here is different from the weighted-bar S! 
tion in that no abrupt movement of the bar accompanies delivery of a reward. 
might be suggested that a greater uniformity of pressing occurs in the weighte 
situation, but work in hand negates this. tO nal 

By the use of i’ and I , output is compared with output. The conver 2 a 
treatment consists of comparing a situation variable, weight on the bar, with $ el 
variable, number of bar movements. The data of the present experiment the 
be treated in the conventional manner, since Fg is equivalent to the weight 07 
bar. The results for the with class are:— 


bar 


Fg IO gm. 30 gm. 50 gm. 
Number 217 IIS 86 
These figures are in numerical agreement with those of Mowrer and Jo 


^ EGG $ s ese 
but since they signify nothing about output they are of no interest in the p" 
context. 


nes (1949) 


in t 
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te Psychological Laboratory, University of Cambridge and Department 
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light can take in the apparent 


The nu 

1 í 

mber of alternative directions that a point of 
ints of light may be considered 


movemen 
= direction duced by the successive exposure of two po! 
canoes such ME REN hs The present experiment is concerned with the relationship 
oent suc essiveliósS t ormation and the threshold between apparent movement and 
obra tation, the higher ke original hypothesis being that the greater the directional 
either t Tireonolds wi the threshold of movement. In fact, contrary results were 
bein T eight directions were obtained under conditions where movement could occur in 
meas, sound under EO only in two directions, better and more persistent movement 
light res thresholds bv onnar conditions. But this result is obtained only when one 
oints from o 3» an ascending method: increasing the time separation between 
ptimal movement to successiveness. An hypothesis is proposed to 
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1 disarticulation.” 


findi i 
dings stated in terms of “attentional 
conducted somewhat as 
) and these are presented 


l Pate 
Y, separated in time and space from each other. If the duration and 
i i d temporal 
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ent : 
follows tionally, studies in apparent movement are 


e first stimulus will 


That is to say, th 
The effect is quite 


ate, a 
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south, east, or west. The greater the number of alternative directions that movement 
can take in a given situation, the greater the directional information the movemen 
may be said to contain (using information, of course, in the sense in which Shannon 
has proposed). 

It was our hypothesis at the outset of the present study that the larger the 
number of alternative directions that apparent movement could take, the poorer 
would the apparent movement be—i.e., the higher would be the threshold for apparent 
movement. The argument seemed simple. If movement could occur in one and on 
one direction, then the subject would be "set" for it and somehow “set” would serve 
to facilitate movement much as it had done in the Jones and Bruner (1954) stud y 
where constraining context facilitated movement. Thus, if one held the intensity 
and duration of the two stimuli constant and maintained a constant spatial separation 
between stimuli, varying only the pause between stimuli, then one should finc © 
the threshold between simultaneity and movement should be at shorter time 
intervals, and the threshold between successiveness and movement should be E 
longer time intervals as one reduces the amount of directional information carrie 5 
the movement. 

This seemed a very reasonable hypothesis and it is one that all of our colleague? 
predicted when asked to do so, and those interested in information theory $ ui 
the most conviction of all on the point. The fact of the matter is that results ° 2 
contrary nature have been obtained and perhaps it is just as well to turn A 
the experiment before commenting further on our hypothesis that proved so cont? þe 
Only one point need be made before doing so: The information model may n? en 
so directly relevant to the case we are considering as it first appeared. betW? a 
two points S; and Sj, exposed successively, one could increase the number of alte 
tive intervening states possible from three (simultaneity, movement, or guccessiven” Jd 
to some larger number, then one might reasonably expect a change in the t e of 
of apparent movement according to information theory. Increasing dir veio ne 
movement need not, on strictly logical grounds, be expected to have this effec": | ed 
might argue, indeed, that the present experiment might more profitably be cons! ne 
as an instance of the study of the distribution of attention: what happens d its 
threshold of apparent movement when expectancy is limited with respec d jn 
direction. These are matters better treated after considering the experi $e 
proper detail. 


PROCEDURE ent 


; m 
Sixteen Harvard students were used as subjects. i i arent move feld 
were two pinpoint spots of fluorescent white light we or PP astructure a al! 
ina Harvard-Gerbrands tachistoscope. The two pinpoints of light were 0'5 in. 2 schist 
were 22 in. from the eyepiece of the subject. The lighting used i each half of the to pateh, 
scope was two 7 5-watt, 250-volt fluorescent tubes placed behind an aperture apP Oe ae, oe 
0:5 millimeter in diameter. The spots of light were seen in a visual field either uU of nu 
on a half-silvered mirror, the centre point of which was 4-13/16 in. from the ce E 
eyepiece. The half-silvered mirror had equal aeon And reflectance charac 
so that the two points of light were of equal apparent intensit 

In the presentation of the movement stimuli the first li ht a peared in the use gi 
the black field for 1-0 second—a length of exposure that SA subject o ond Tor 
first light as a fixation point. The second point of ERA eared for 0:35 Se Tib Th. 
the time interval between the appearance of the first and noe lights wa Nes t 
the determination of movement thresholds in a manner presently tO ree "t 
subjects wore headphones during the experiment and ek aie the lights wer 
appear in the tachistoscope white noise was transmitted through the pha 
sufficient loudness to mask all outside noises which might either distract ti sed bo 
give them any cues from the timing mechanism. Thus, the white noise P 
a warning signal and a masking noise. í 
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The in 1 : > à 
they ui eeu pe to the subjects were designed to indicate the directions in which 
One set of cond. Wee d second pinpoint of light to appear in relation to the first. Under 
of two possible eee the subjects were told that the second spot would appear in any one 
would be told to im ions and only in these two directions. Thus for example one subject 
E another in RE movement only to the North or South (N-S) of the first point of 
-S, E-W, NESW. oe direction and so on. The four pairs of directions used were 
Otter thexe ,an NW-SE, which were allotted randomly to the subjects. 
of the second s ae set of conditions subjects were told that they could expect the position 
Points of the pot of light to be in relation to the first spot of light at any of the eight 
E LINES NE, NNW, WS S ST : 
Successiveness ze determinations were made on each subject, two going from apparent 
auceessiveness (i set aster movement and two from apparent movement to apparent 
fmPloyed. For the =e ascending and two descending series). The method of limits was 
Eus of 50 ieee cece series, the first presentation was given ata temporal separa- 
sparation m eat cs a etween the two stimuli, and on successive presentations the 
Bescessive reports of p progressively by 20 milliseconds until the subject gave three 
x mds, produces ex o movement." The starting point of the determination, 50 milli- 
Scending Series Meer movement at the spatial separation used. For the 
Cre millis conda G Eu presentation of the two light points was at a temporal separation 
mere light point uration that for most subjects produces the impression of two 
“ Movement wa: E and it was reduced on successive exposures by 20 milliseconds 
s finally reported three presentations running. 


t woul 
0, d be sensi s 
V abbaren 1 Nui n to consider the ascending series a determination of the threshold 
teni. ness, the descending series a determination of the threshold of apparent 
ur subi 
of T subjects T. " 
testing, hese axe divided into four subgroups each given somewhat different orders 
as follows, and subjects were assigned to the subgroups randomly. 
LE I 
kaj ascending II III IV 
i ascending E descending “8” ascending “g” descending 
‘ae 8” descending “2” ascending “2” descending 
descendi 
“ga in tn 1 
S escending 2” ascending “g” descending “g” ascending 
By 8 8” ascending “2” descending “2” ascending 


e are able to determine the effect of the 2- 
ng threshold, the effects of 
d half of the experiment, and 
tancy initially. 


a counterbalanced design w 
Nee isdem the method of computir 
© effect of h as one goes from the first to the secon 

aving a 2-directional or 8-directional expec’ 


The 
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] 4 Wi i 
Visua] 18 is an ere instructed as follows:— 
te certain characteristics of apparent 
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ofyn tions don 
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“hich instances a case of apparent movement or successive appearances. There may 
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txt, Want om vices it most resembles. MES 
ive v Seo EO Woar th —th ve two purpo: s: firstly, 
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twee. c Dpeared. You should relax except when the noise is 08," y 
Xposures, Is that clear? Do you have any question?! 
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RESULTS 


A summary of the results is contained in Table I: the amount of € 
separation in milliseconds between two successively presented light points to p ~ aoe 
the appearance of visual movement. The longer the separation, since we are WO — 
at the border between apparent movement and apparent successiveness, the m i 
sensitive or "lower" the movement threshold. That is to say, if a subject P 
apparent movement at 300 milliseconds of separation between the light points pe. 
reports apparent successiveness at 320 milliseconds, his threshold is lower than ie 
who reports movement at 220 milliseconds and successiveness at 240. Thus, the hig! ut 
the temporal value, the lower the threshold (in the conventional sense) for appare 
movement. 


TABLE I 
THRESHOLD OF APPARENT MOVEMENT FOR VARIOUS CONDITIONS EXPRESSED 
IN MILLISECONDS OF TEMPORAL SEPARATION BETWEEN Two STANDARD 
Licut Points 


2 directions 8 directions Combined 
expected expected 
AII conditions. . 3 gis IQI 226 208 
Ascending method .. Y 213 268 240 
Descending method .. bis 169 184 178 
First half determinations .. 176 231 203 
Second half determinations . . 208 220 214 
2 directions initially . . T 206 245 226 
8 directions initially .. T 176 208 192 
Ascending: first half. . T 231 310 270 
Ascending: second half P 195 225 210 
Descending: first half - 120 152 136 
Descending: second half .. 218 215 216 
Ascending: 2 initially ave 210 272 241 
Ascending: 8 initially Y. 218 262 240 
Descending: 2 initially T. 202 215 209 
Descending: 8 initially 2d 160 152 156 oa 


v 

Several findings contained in the table want restating. The first and most On one 
is that there is a significant increase in sensitivity to apparent movement" E M 
operates with an 8-directional expectancy in contrast to a 2-direction? ment pe 
short, the greater the amount of directional information carried by the moV serve E 
lower the threshold of movement appears to be. The gross difference 2 ce scot 
statistically reliable as determined either by the use of a t-test on difieren aif 
for individuals (p is less than o-oo1) or by a grosser analysis of variance on 
data (p is less than 0:05). ) ein 

oe inspection of Table I shows that there is a marked differen, form 
results obtained by the use of ascending and descending methods ne Jat 
measuring, as we have suggested, a threshold of apparent successivenes?' 
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a threshold of apparent 
E tunc a movement. For example, if one disregard: i 
E rur work under, one finds that the deka ete ba ihe 
S ere thaw eo hi 240 milliseconds, by the descending method 178—a difference 
aape liters ci 
eine co : is very . Itisthecon i i 
the two vba qum panes brin data, to combine the enis ER BI pe 
$0 in the in the method of limits. But there is good reason 
Aen best rae reason that goes beyond the io vety that ede et 
Uses the method dep saa! source of variance in our data. Note that when one 
cedure); one mes E etermining the threshold of successiveness (the ascending pro- 
ovement persist A marked difference between 2- and 8-directional expectancies 
65 milliseconds s for an 8-directional expectancy at a temporal separation 
ut washed ecd than for a 2-directional expectancy. This difference is all 
apparent mover when one uses the descending method, based on first reports of 
Bn. Separatel P» In view of these facts, we have decided to treat the two sets of 
analyses of sc aine a statistical point of view—concretely to perform separate 
As for the oe the two sets of data, the ascending and descending. 
show a ru um of the descending data, none of the sources of variance studied 
Operated, nor the ect. Neither the kind of expectancy under which the subject 
€ first ‘and pee er in which determinations were made, nor the difference between 
Petty because gen wo threshold determinations yields a significant effect. This is 
e e d. eciam variability is greater under these conditions, and partly because 
ort, the data Enc introduced by the various conditions studied was less. In 
o measuring “4 ained by measuring the threshold of movement proper (in contrast 
e threshold of successiveness) are inconclusive with respect to our 


Principal h 
N ypothesis— $ : 1 i 
Per Televant PM directional information—and with respect to any 
es) : 
movement aga to results obtained by the ascending method—going from apparent 
irectiona] ex E dip succession—the differences obtained are quite clear cut. 
: 0-05), with 5 eee is a significant source as we have noted (at a confidence level 
: irectiona] expe 3 markedly greater sensitivity to movement characterising the 
Come less roe ancy. There is also a notable tendency for the threshold to 
sitive in the second half of the experiment, regardless of type of 


SXpectanc 
iat 8-di. ener The order in which determinations are taken—whether a 
od is used first xpectancy is given first or whether ascending or descending 
i st—appears to make no difference and contributes virtually nothing 
ivity to movement to 


arlance, m 
Finally, there is a striking tendency for sensit 
one has started with a 


SCrease 
$ e ; 
editectional ca during the second half of the experiment if 
it pectancy, whereas there is an equally marked tendency for sensi- 


Thes, ^9 moy 

e em i i i irecti 

ope, findings eu to increase if one has begun with an 8-directional set (P = 0°01): 
e without regard to whether, after the first determination, one 15 


ating wi 

it n 
h an 8- or 2-directional set. ; 
ough analysis of vart 


that 1° Othe 

Ras ids nd result should be mentioned, alth 

Say Ctiona] Significant. This tendency is for the difference between ti 

hresholds 2 Vement to wash out over the four threshold trials. 

Agog, Sand fife begin further apart than they end up res 
nd h row of Table I. This is a finding based of © 


Sh 


ance shows 


been discussing. No s 


ase Weh 2 

n4: ave 7 

Ndin, ind uch effect ca 
descending data treate 
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DISCUSSION 


The first point that wants making is that one does well in measuring thresholds of 
“apparent movement” to make a distinction between the threshold obtained by 
studying when movement ceases and the one obtained by studying when it starts. 
The ancient tradition, when one uses the method of limits, is to combine the results 
of the ascending and the descending measures. In the present study, the two methods 
yield quite different results and one combines them at one’s own peril. The fact of 
the matter is that several conditions that affect the threshold of successiveness have 
been found not to affect the threshold of movement. 

Let us reconstruct the two situations in which testing is carried out. I ^ 
the determination of a threshold of successiveness—a subject is first presented wit 
two stimuli separated in time in such a manner as to produce good apparent movement. 
On subsequent exposures, the time gap between the two stimuli is lengthened until, 
finally, a point is reached where the subject tells you that he no longer sees movement. 
Under such conditions, we find that it makes a considerable difference whether z 
subject is set to see movement taking place in any of eight directions or only in tW? 
directions. When one operates, on the other hand, by starting the subject Wit 
stimuli separated in such a way that they appear ot to be moving but to be succeeding 
each other in time, and then gradually decreases the time gap until move T d 
produced, no such effect is found. What produces this effect under the first con ition, 
and why does it not appear in the second? 

We believe that the results can, in general terms, be discussed in te 
“attentional disarticulation” of the perceptual field under instructions to 
movement in any of eight directions (as compared with either of two directions). 
in the one testing condition rather than the other? When the subject is set to exp 
movement in either two or eight directions and is then shown a stimulus field wh 
movement is occurring (the ascending condition), the expectancy is approP 
the conditions present in the field before him. When the field contains #0 mover 
the set is inappropriate. Moreover, the field in which movement is occurring 19; Í of 


are to take seriously the various neural theories of apparent movement, in @ p 
ad] 


n the one— 


rms of the 
expec’ 


ect 


riate 
ent 


points succeeding each other. si- 
We may next ask, "But why does an 8-directional set produce greate" snes? 
tivity to movement, and what is meant by ‘attentional disarticulation’ Uh 
conditions?" Consider the matter in more detail. ye" 
If one distributes one’s attention over eight possible pathways of apparent 2 ints 
ment, we would hold, this may be tantamount to reducing the kinds of CO” 
that operate in a field to keep events and points in that field segregated from ake’ 
other. Under these circumstances, “short circuiting” or whatever it iS that int 1 
successively presented lights appear like a single light moving from one P MU 
another should become more likely. This would certainly not be inconsiste™ 
other observations on the distribution of attention as a disarticulatinB vie of 
perceptual organisation. Certainly Newhall’s data (1923) would support the pilit¥ o 
found the more focalized attention was by a foresignal, the greater the 2^. m” 
subjects to segregate and discriminate weak tactile stimuli. And the ee acil t 
evolved cognitive operations would certainly indicate that reduction in OP By 
structure tasks occurs when attention is distributed (e.g. Sterzinger: 19 
perhaps most striking of all are the results of experiments on the informa p 
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Capacity of human operators. For example, Miller, Heise, and Lichten \r951) have 


that at a constant signal-to noise ratio, the ability to recognize orally presented 
Words declines as the number of alternative words in the test vocabulary is increased. 
It has been conventional to interpret such findings in terms solely of the coding 
Problem involved in matching a certain number of inputs with a certain number of 
Coding categories, the general assumption being that the larger the array, the greater 
e number of binary decisions to be made in such a sorting of inputs among coding 
Categories, But it may well be too, that the distribution of expenctancy (or attention) 
over a wider array of alternatives may serve to cut down the degree of sensory 

9r&anisation or articulation present in the perceptual field. 
We do not, as the reader can see, have a very satisfactory explanation of the 
dings we have reported. It had been our expectation at the outset that quite 
9PPosite results would be obtained, and these might well have been handled in 
enventional informational terms. The best we are able to do is to propose an 
wplanation in terms of the distribution of attention and its effects. However 
E catisfactory the explanation, one point is quite clear. Directional information is 
moya ributing variable in the array of factors that determine thresholds of apparent 
ds thant It is one in need of closer examination than we have been able to give it 
fruitful Pages. It is our hope that this preliminary report on its effects may lead to a 
stud Tevisit to the phenomena of apparent movement in general—phenomena whose 
y may throw light on more aspects of perceptual organisation than suggested by 


the Polemica] questions with which Wertheimer awakened interest in the topic two 
8enerations ago. 
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THE INFLUENCE OF AGE, SEX, AND SPECIALIZED 
TRAINING ON THE VERTICAL-HORIZONTAL ILLUSION 


BY 


P. FRAISSE and P. VAUTREY 
From the Laboratory of Experimental and Comparative Psychology 


of the Sorbonne, Paris 


With the aim of investigating the perceptual processes responsible for perceptual 


illusions, we have studied the influence of age, sex and specialized training on two forms 
of the vertical-horizontalillusion. In Figure A, the vertical is a short distance away uo 
the horizontal; in Figure B, the vertical meets the horizontal segment at its mid-poim" 
Both figures were presented in brief (o-2 second) and long (1-0 second) tachistoscop! 
exposure, and in unlimited exposure. t 

When time is unlimited, Illusion A increases up to 9-10 years and then remains constan, 
and Illusion B decreases as a function of age and chiefly as a function of the degree en 
scientific training. The illusions are stronger in tachistoscopic perception than us 
conditions of umlimited exposure. Both illusions also increase in tachistoscopic perceptis 
with age except for science students. Under condition of unlimited time, women DN 
stronger illusions than men. This difference does not occur in tachistoscopic percep 

These results may be interpreted in terms of the interaction of three processes: in 
action among the elements of a figure (field effects); perceptual activity W 
possible the passing from syncretism or multiplicity to organized perception; 
activity of measuring the elements relatively to each other. This latter activity C' men 
with cultural level and especially with scientific training. It is more effective with 
than with women, due, it is suggested, to the spatial factor being higher in men. 


INTRODUCTION 


Binet (1895) as early as 1895 showed the usefulness of visual illusions for 5t 
the development of perceptual processes by demonstrating that illusions like 
Miiller-Lyer decrease with age, while others, like the optico-kinesthetic illusio? 
Demoor's weight illusion, increase with age. This field was subsequently 
explored until the important work of Piaget once again introduced the problem: two 

Wursten (1947), one of Piaget's students, reported that, in addition to ao or 
types of illusions pointed out by Binet, there was a third type represented by °°" ind 
of the vertical-horizontal illusion which increase up to the age of 9-10 Y oar” icol 
decrease thereafter. Among the latter, he studied the illusion in which the T the 
is over-estimated when shifted (some distance from the horizontal) relatively ^ ont 
horizontal. This fact, if verified, would lead to a theory of perceptual deve y det? 
rather different from that called for by Binet's results. Binet's experiments P age 
suggested that some illusions were of a primitive nature, since they decrease ; 
while others were due to a learning factor. Without first entering into à theo” o 9? 
discussion from the start, we wondered whether Wursten's data were not dU actio 
artifact. This question led us to study the vertical-horizontal illusion a5 # e 
of the duration of perception and individual differences related to 28° 
educational background. 


dying 
tu Yn z 


X, 


METHOD 7a vert 
Material. Two figures for the vertical-horizontal illusion (over-estimating kis ver igo 


with respect to the horizontal) were used. The first, figure A, was like aD 7 ch wa 
segment being 3 cm. long and displaced 5 cm. to the left of the horizontal, W as 
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Meng. Dn ponte B, the two segments (also 3 cm. long) formed an inverted T. In 
Second Es am the distance between the two segments made comparison difficult; in the 
which E Mieres was increased by the under-estimation of the horizontal segment, 
Thee a at its mid-point. y 
UxDosure le were presented under three different temporal conditions: (a) brief 
allowing [ere Seconds the equivalent of a very rapid glance; (b) average speed (1:0 second), 
exploration Are on exploration; (c) unlimited time, a condition allowing not only for 
Boobs was ussi F so for an analysis of the figure, comparisons, and constructs. A tachisto- 
Projected slid d for the first two conditions. It consisted ofa projection-lantern which 
5 aera es S à ground-glass screen with its fixation point at the geometrical centre 
Unlimited cub he subjects were seated 1 m. from the screen. Under the condition of 
Tom the VR eats: the figures were presented on light cardboard cards, about 50 cm. 
Same for be d The dimensions of the figures and the area of the background were the 
experiment. vy he screen and the cards, The constant method was used throughout the 
feiméan Cf Yl e determined upper and lower thresholds by utilizing five series of stimuli. 
asis, it was culi thresholds was taken as the point of subjective equality. From this 
Subjects SN to compute the systematic error attributable to the illusion. 
9 months-G ive groups of subjects were studied: (I) 36 six-year-old children (5 years, 
9 girls for Du. 4 months) taken from the public nursery schools of Paris, 7 boys and 
1e tachistoscopic trials, and 1o children of each sex for the trials under the 


conditi ie 4 
on of unlimited time; (II) 55 9—10-year-old children taken from the primary schools 
k, and, under the condition of 


ari: e 
Unlimite P tpa of each sex for the tachistoscopic tas 
ig ichs] 2 17 boys and 20 girls; (III) 47 adults of low educational level (with less than 
Professional t education)—12 men and 15 women, from a centre for accelerated 

rimary E raining, in the tachistoscopic tests, and 6 men and 14 women, parents of the 
Students in oo children, in the tests under the condition of unlimited time; (IV) 40 graduate 
er the c x eral arts, 11 men and 8 women with the tachistoscope, II men and 10 women 

10 women ondition of unlimited time; (V) 43 graduate students in science, ro men and 
time, with the tachistoscope, 11 men and r2 women under the condition of unlimited 


adults because it did not seem legitimate to compare children 


We 
With just three groups of 
id sentative of the entire population. The 


t any group of adults, unless it was repre: 


n 
adult e dad children were quite homogeneous with respect to background, but the 
1 Pw differed with respect to education and training after adolescence. 
tachistose unlimited-time test, Figure B was always presented after Figure A. For the 
9f th Opic tests, we devised an experimental design in which the order of presentation 
Series o paces and the exposure-time order were counterbalanced between subjects. Four 
Wo Measures were determined for each subject. These four series were divided into 


Sessio, : y 
ns with the adults and in four sessions with the youngest children so as to avoid 


the 
effects of fatigue. 


RESULTS 


The 
the lona E are presented in Tables I and II. 


In general, the results show 


at every age level. 


(2) Overeati 
) Oy cr-estimation of the vertical occurs to the same degree 
th the fundamental 


"urt] 
ler di E d : T 5 
fact, differences which we shall study are minor in comparison wi 


with Figure B (the inverted T) than with 
being compared and the bisection of the 


PAS) Tie CIRCE 
Figure he illusion is about twice as great 
ted T might on first analysis account 


iC Izonta] a proximity of the segments 
Or thi y the vertical in the case of the inver 
( 55 result, 
3 " r 
tose ) At all age levels and for both figures, the illusion is stronger with the tachis- 
(the same fact was 


o 
brought Pie oat than under the condition of unlimited time 
vith lon, 5 light by Sleight and Austin (1952)) and slightly stronger with short than 
p. fed tachistoscopic exposure at each level. The less opportunity a subject has 
lusion Te the figure (the more global his perception of the field), the stronger is the 
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TABLE I 
Ficure A (|...) 
MAGNITUDE OF THE SYSTEMATIC ERROR (in mm.) 
Low educ. me 
E: ure | Nature of | 6-yr. 9-10-yr. level Arts eu 
Eo the ec y (N) (N) | adults (N) |students (N) students (N) 
02 sec. M 35  (D|4o (o|s8 (x2) | st Qn) 4 fol 
F 44  (9|496 (9) |4 (15) | 4°7 8) | 41 
Mean | 3'9 43 4I 4'9 4'0 
. ) 
1 sec. M 36 (isa (|37 Q2)48 GD|33 ne 
F fzo (9) | 43 (|s7 G5 4s @)| 3° (x0) 
Mean 3:8 3 37 4 [35 
Unlimited M 25 (x0) | 3-2 (17) | 3°4 (6) | 30 (1x) | 3'4 I 
time F 26 (10) | 43. (20) | 40 G4|«43 (40) | 3°7 


Significant differences 
Between sexes: 
at 005 level at 9-10 years and among liberal arts students. 
Between ages and levels: 
at 0-02 level between 6-year and 9-10-year girls. 
Tachistoscopic perception: The analysis of variance of the results taking into acco 
difference of the number of subjects in each group shows: 
A significant variation at the o-10 level among ages and levels. 
» » » » » COI ,, between sexes. F 
» » » » » O01 , between the two exposure times. 


All interactions between sources of variance are non-significant. 


Unlimited time 


unt the 


TABLE II 
Ficure B ( L) 


MAGNITUDE OF THE SysTEMATIC ERROR (in mm.) — 74 


Low educ. sence 
Exposure Pe of | 6-—yr. N 9-10-yr. level Arts şi Pi nts (v) 
time the groups ) (N) | adults (N) |students (N) | 
(N) — 
0:2 sec. 2 5:8 m 9:6 fo) 9:9 (r2) | 104 en id (19 
T5 9) | 74 9 |89 ( 10: 9) | 7 
Mean |67 8:5 9:5 (15) sin Bm 
(9 
I sec. = 58 e) 9:7 (9) o2 (12) | 9o Ca) De (19) 
73 (9|75 (9|78 & x (97 
Mean | 65 8-6 8:5 (z5) 9d T5 n 
Unlimited M 65  (10]| 60 (17) | 4*5 (9| s3 (11) T3 (x2) 
time F 64 (10) | 66 (20) | 66 (14) | 68 (10) 2:5 
Mean 6:5 6:3 5:6 6-0 3 ^ 


Significant differences a 
Unlimited time: Between sexes at 0-01 level among science students. 4 o9 fe 
Between ages and levels among male subjects, significant G 


between science students and all other groups. 
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Tachistoscopi 7 
ic perception: The analysis of variance of the result: ing i 
C 7 a s taking 
p of subjects in each groups shows: a 
significant variation at the o-or level among ages and levels non-significant 


^ variation between sexes. 
significant variation at the o-or level between the two exposure times. 


The following i i 
ae "ing interactions: (a) age-level x sex; (b) sex X ex osure-time; (c) age-l 
exposure time x sex, are significant at the o-or level. : a 


The Influence of Age 
E da A, the illusion increases from 6 to 10 years under condition of unlimited 
With Pise = it does not increase under condition of tachistoscopic perceptian. 
Perception, b es opposite trend appears with an increase in the case of tachistoscopic 
thesame cones no change or a slight decrease in the case of unlimited exposure. Since 
exposure in were not tested under both conditions of unlimited and tachistoscopic 
irse Ms esum of results is hazardous. We may note, however, that 
the six-year at the effect with Figure B to increase over the same age range. For 
tween e child, Figure A seems to be little structured because of the distance 
tructuratio Wo segments, and the illusion apparently is weakened consequently. 
o not E vies to increase with age. In our opinion, the fact that the two lines 
With age, T plays a major róle. While the Müller-Lyer illusion decreases slightly 
sis PR and Hartmann (1933) found that the illusion, on the contrary, 
age, when in the figures presented, the extremities only are used as 


Denm here: [ [ 

el . 

vein found that the perception of unfilled time (marked off by two separate 

Soung) Nus; very difficult for young children, while that of filled time (continuous 

ae easy and precise (Fraisse, 1948). 

With Er of age, the illusion seems distinctly stronger 
Nerease t] ed exposure. Does the impossibility of viewing 
Ü he illusion? This hypothesis is indirectly confirmed by the fact that the 


ure p.; iA 
ix EN illusion increases markedly in tachistoscopic perception between the ages of 
ine, while the known fact that this illusion decreases slightly in unlimited 
the field-effect by inducing 


*Xposure ; 
erepti m confirmed. Brief exposure which increases : l 
fact should b s whole must already play an important róle at theageofsix. This 
irection b verified with other illusions which do not bring into play the phenomenon 
Lyer illusion. 


ahy d lely 4 i 
Miler y 7965 the illusion of the inverted T decrease slightly wi s doe 
? The classical inter- 


with tachistoscopic than 
the two lines separately 


st 
Stulates an analytical attitude wh 


9 Tacti : 
tare. ee. the segments. According to Piaget, its d of subjects show 
he o € factors certainly play a róle, but subjective ir ts sand construc s 


in d 
ET er : 
M effor. the subjects are, the more they try to make com 


O me, i 

the. x asure o D | i 
x cy Ss xke scc bsc possible taking due account 0 
] and imaginative activity). 
Its obtained fro 


he 


uenc, 
Letu € of Educational Background xposure. 


on of unlimited € 


ln 
S as 
te, Sher, TSt consi : he conditi c 
“sults “Tal, we pi the results obtained under backgroun not pt E 
v ; Observe the fact that education Pesults similar to those 0 


igure A. All our adult groups Y^ 
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9- to xo-year-old children. With Figure B (inverted T), however, there is a marked 
effect of educational background, particularly in our group of science graduates. 
Actually, this result can be explained, as we suggested in the above paragraph, by 
the comparison of the two segments in a genuine operation of measurement. 

This fact was verified by comparing the magnitude of the systematic error 
the percentage of subjects who consciously attempted to build constructs in an 
interview following the test. 

This verification was carried out not only with the three groups of women already 
mentioned, but with two additional female groups, one having an elementary education 
only, and the other consisting of psychology students. 

"The five groups took the unlimited exposure tests for the two illusions and Table II 
shows the relationship between the magnitude of the illusion and the percentage 9 
subjects consciously attempting constructs. 


with 


TABLE III 2 
FIGURE A FIGURE B 
Systematic | Conscious | Systematic Conscious 
Groups | error constructs error construe 
Elementary education only N = 19 2 9 % 

] 42 mm. II 8-7 mm. 47 /0 
Liberal arts graduates .. N — 10| 4:3 mm. a 63 mm. 60% 
Less than high school .. N=14| 40mm. 10% 6-6 mm. 64% 
Science graduates .. ..N-i2| 37mm. 33% 5'1 mm. 100% 
Psychology students ..N-—20| 2:9 mm. 50% 4:6 mm. 80% 


For both illusions, we see that the systematic error decreases as the percentage * 
conscious attempts at constructs increases. , 

j However, the constructs are much less frequent with Figure A than with Fig 
(inverted T). But in Figure A, the distance between the two segments ma m 
imaginative measuring operation very difficult, while with the inverted T, it 15 j^ 
the reverse, the bisection of one segment by the other making such measuremr 
easier. This difference explains why one of the illusions decreases with the lev, 
scientific and technical training while the other does not. In the case of Figure of 
one group, however, has a weaker illusion than the others. This is the 8T oF the 
psychology students who, owing to past experience, succeed in increas) 
percentage of constructs and in somehow reducing the magnitude of the illusio™: 

This result, which clarifies the process whereby some illusions decrease WIE at 
also affords a new interpretation of some earlier results. Crosland, Taylor enc? 
Newson (1929) for example, found that there was no correlation between in lig 
level and susceptibility to the Müller-Lyer illusion, But intelligence ©% facto” 
measured by a general intelligence test. Our results show that the esse? i enc 
is training which is more or less in pre-established harmony with qualitative iffer 5 by 
in intelligence. The arts students showed test results very close to those vainly 
adults having a low educational level, while psychology students, who 21° a sion? 
no more intelligent than the art graduates, were the least susceptible to both il^ 

On his part, Wursten has shown, on the basis of figures of the same Ur pes 
Figure A, that the illusion increases with age up to about 9-10 years (which en pay 
confirm) then decreases slightly. Piaget encountered the same development ‘yeast K 
other investigations in the field of perception. This type of illusion—? 


ure B 
n 
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Wursten’ 
S research—ma 
and eo vplai 
After pus are superior kw kcu i ke E dee 
of the Pia years, a selection cially and intellectually, to cem Ee adi 
Padte raining background Lore operates in the schools heh of tüerpdqalation. 
tat ih entem Wursten E A Barr d. a then ex na bias in the 
ae : y repoitedi : ain a bias i 
Psychologi ps of adults were qu am iu tion) 
me ve thi composed of cul perona keon aa 
at t] gists. We think cultured. pecie wi ance ol 
Borna ge of 9-10 had sast ; Vursten would have dd m o ie 
But d to be caa Demoor illusion with the nil Eos ep 
Of consci influence of traini rA 
Bland cor of training does make better 
2 Onsf g does not only j 
x , ese diffe: E > 
um £ tests, tei ae a tend in the same inem rie th imi 
at the sa he science gradu aa degree. Let us consider, for exam l per. 
special a of 0-2 second ise have a weaker illusion than the me dp 
raining has cans at I second. This fact suggests the I epum 
used the science students to develop ^ Men p 
an analytical attitude 


Which 
mani i 
fests itself even in a rapid gl 
id glance. 


Th 
, M. uno of Sex 
fletence Conditions E 
etween boys tachistoscopic exposure there is practi i 
d, the boys DN ee Under condition of E n eb ae 
s E = iP always ii dm. of 9-10 years are superior to the girls and this 
€ of the me or the other. Tt ua same direction, is significant for. several groups, 
E verted T. An is greatest for the groups of science graduates in the 
3 Us <Coristructs, t] Mn the same proportion of male and female students 
sect ane only r9 m at oÉ p of the illusion is 5-1 mm. for the female 
X iM variable, We k he male students. This result leads us to take into 
sols. Thi factor Inte now that factorial studies have brought to light a 
E ial bon factor GS) is i a highly saturated with this factor, boys are superior 
idi md s. We ik d nterpreted as the aptitude for mental manipulation of 
font Ps unlimited ex iat our results may be explained a5 due to this. Under 
S to ave an increas A clad but not with tachistoscopic exposure differences in 
ve ri ed effect, by enabling the aptitude for manipulating spatial 


€ ris 
e to m i 
easuring operations. 


S 


DiscusstoN AND CONCLUSIONS 
ults, it is possible to 


it 
disti We t 
Ines. Ur p 
DBuish Y to bring to 
gether the various aspects of our res 
the combination of which 


the . 
actio; 
E nt for dix of several hypothetical processes 
Th diffen, Peal or, experimental results. 
Cse gp Ut parts E omis of the figures. 
a figure are interrelated; these inter: 
however, incre: 


Age e 
Jj, thr cts whi 
H ou ich are ontogenetically very P' 
]ements when they are separated a 
izati Indeed, some 


cretism to organization. 
ung children byt 

he parts might reduce their inter- 

us, explain the fa illusion in 

jc perception. For in this 

P. is not sufficient to 


Leo 
hool has brought out, 
]d-effects. 


As the Gestalt sc 
ase with 


actions are fie 


catte is las 

E the (inverted eet would, according to 

Pensat TOCess of ) Increases with age in tachistoscoP! 
Usion cf the eto cm which we are going to describe, i5 n t 

directi effects themselves. This fact which has been brought to light 

ion should be ascertained for illusions of size. 
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This increase of the field effects through a better organization of the figure can 
be explained by the development of perceptual activity. With increasing age, the 
exploration of the figure becomes more complete. 

(2) Analysis of the figure into its elements. Perceptual activity can change the 
direction of its action on one hand as a function of age, on the other, as a function 0 
the different field effects. Its organizing effect can become an analytical effect which, 
through a relative isolation of the perceptual elements, would diminish the interactions 
of the field. The Müller-Lyer illusion, for example, diminishes if its measurement 15 
often repeated (as a function of the number of presentations). We have also seen that 
illusions were always weaker in unlimited perception than in tachistoscopic perception. 
Perceptual activity can give rise to a true analytical attitude in individuals, paf- 
ticularly as a function of their training. Technicians and scientists may learn how 
to isolate relatively the constituent parts of a figure at first glance. 

The increase or decrease of illusions with age could, in fact, be explained by an 
identical process: perceptual activity the direction of which can change according 3 
the relations existing among the elements of a perceptual whole. Where the links ed 
weak (or confusion too great) this activity would have an organizing effect. Wher 
they are strong it would have an analytical effect, on which specialized training WOY 
exert a definite influence. 

(3) Relative measurement of the elements of the figure. Beside perce 
our results show the fact that the individual is able to put the various eleme 


rA e . . n H 1 i ns 

figure into a quantitative relationship with each other. These measuring operate j 

which are made by using perceptual reference points are of an intellectua- ri ring 
ea: 


operational in Piaget’s terms. We leave here the field of perception; these Ine a 
operations are evident only when the situation calls for a quantitative compar js 2 
elements, as in the case of our experiments. The number of these constructs 

function of the intellectual training of the subjects and the nature of this tra! 
They play no réle at the age of 6 and but little at the age of 9. But they pue 
frequent among adults. In addition to the frequency, we must consider the effic the 


of these constructs, which are largely dependent on specialized training e ob | 


" t H es 
aptitude for mental manipulation of figures which shows up in the differen? 


results given by boys and girls. 
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Evel vena : SYNOPSIS 

until they cde were left with receptive females and allowed to copulate and ejaculate 

T3 5 and rs e à criterion of ‘ sexual exhaustion.” They were then retested after 

once each im ae of sexual inactivity. Following these observations males were tested 

In the cities ae every other day and allowed to achieve a single ejaculation. 
approximately oe a period of unlimited access to the receptive female males usually need 
ions are odia p a zamienione to produce the initial ejaculation, but successive ejacula- 
of an ejaculatio ed by fewer and fewer intromissions. The time to recover from the effects 
NS n increases progressively as exhaustion is approached. 

More rétGvern imals copulate when tested 24 hours after sexual exhaustion. Considerably 

Tats are not ry is evident in tests conducted after a 3-day rest, but it is not complete and 

Periods of mec His of achieving as many ejaculations as they tend to achieve after longer 

1S negative] - Mane As measured by ejaculation-frequency, the curve of sexual recovery 

a ya ms erated and probably reaches asymptote after 7 to 1o days of rest. 

E Males allow, pus in addition to ejaculation-frequency support this conclusion. 
lve than fully = io ejaculate once each day or every other day are somewhat less respon- 
r Capacity sted animals, but do not show any progressive loss in sexual excitability 

,À worki y 

existence cre hypothesis is proposed to explain most of the findings. It postulates the 
Vays in hia Arousal Mechanism which is distinct from a Copulatory Mechanism. The 

Sexua] rest iie aac mechanisms are affected by sexual performance and 


Theoretical Baer INTRODUCTION 
(Miler kp oiy listed with hunger and thirst as one of the “primary drives’ 
Sychologists wiz 1941), but it has been subjected to only limited systematic analysis: 
elieve that » ho employ this particular classification presumably do so because they 
* same nien hen it is investigated “sex drive" will be found to behave in more or less 
Assumption nner as hunger and thirst. There are several reasons to question such an 
and develoy In any event, the term “drive” has acquired so many different meanings 
Scientific aa so many conflicting connotations that it is of questionable value as a 
wedo RT We use it in this introduction in conformation with current fashion, 
&xaminatic egard the present investigation as a study of sex "drive." Itconstitutes 
Performance ion of certain factors influencing sexual arousal and copulatory 


QoInth 
I5 not € first place, hunger and thirst are related to 


®PParatus € notion that tension and pressure in the pri 
ostate is a source of sex drive is challengable. 
(Be h gland and seminal vesicles copulate normally when treated with androgen 
Vagina” 1947). Females of the same species in which ovaries, tubes, uterus and 
*Xogenone congenitally absent execute the mating pattern under the influence of 
Tm. S ovarian hormones (Beach, 1945). 
astitutes sudy was supported in part by a research grant, 
“SSistang Mental Health, Public Health Service. We are i 
* in the statistical analysis of results. 


conditions of tissue need. Sex 
mary or accessory reproductive 
Male rats deprived of testes, 


nt (M-943) from the National 
ndebted to Allan Goldstein 
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In the second place, sex differs from hunger and thirst in terms of its biological or 
evolutionary significance. The latter two can appropriately be designated as drives 
essential to the preservation of the individual. Sex is logically classified as a drive 
essential to the preservation ofthespecies. In this respect sex is more closely related 
to maternal drive. Failure to react appropriately to hunger or thirst can have fata 
consequences for the organism. Absence of sex drive, or failure to react to it when it 
is present does not impair the well-being of the individual, although if such a condition 
were widespread the existence of the species would be imperilled. 2 

Inasmuch as these two types of drive have quite different biological functions, 
they may well have quite different evolutionary histories. At any rate there is nO 
justification for the a priori assumption that sex drive obeys the same laws and has 
the same characteristics as hunger and thirst. It does not involve a state of physio" 
logical need or metabolic deficit. Its “satiation,” or better, its exhaustion, i$ * 
catabolic rather than an anabolic process, resting upon the expenditure of energy 
with no resultant "return" to the individual. Satiation of hunger or thirst restores 
the organism to an optimal condition. The end-point of sexual exhaustion is fatigue. 

A period of deprivation following satiation of the hunger or thirst drives is marke 
by gradually increasing tissue needs which, if not relieved, eventually result in dea 
The sequel to sexual exhaustion is a period of recovery, and during a protracted term 
of deprivation the strength of sexual motivation or capacity first rises an then 
probably stabilizes at some point near the maximal level. There is some reason ss 
believe that if deprivation is continued for a long enough time sexual responsivene 
tends to decrease, but this is speculative. 


Earlier Studies and Purpose of the Present: Experiment 


Previous experiments. As indicated above, systematic studies of $ 
normal animals have not been numerous. Inparticular the nature of sexual ex tion: 
and subsequent recovery of sexual capacity have received very little atten ced 
Casual observations and naturalistic descriptions make it clear that prono ine 
species differences exist. But even for the most frequently studied anim 
domestic rat, the evidence is incomplete and inconclusive. 

The most widely cited experiment of the male rat is that of Warner 
used the Columbia Obstruction Box to measure drive strength. W arner's con 
were as follows: two 


The male sex drive appeared to be at its lowest point immediately ym “api 
hour period during which mating had taken place freely. Recovery ve d 
during the first six hours and almost as rapid during the succeeding one i 
24 hours the tendency of males to cross the grid to the female had reac é put 
high point. During the following 6 days there was apparently little chang i 
what change there was was in the direction of a reduction in the streng 
tendency (p. 159). ing 


More recent investigations lead us to conclude that Warner was not m nave 
sex drive at all, or at least that observation of copulatory performance us 
shown that recovery is much slower than his conclusions suggest. i cce P? f 
Schwartz (1955) trained male rats to press a bar in order to obtain acces casu 2 
female. Rate of pressing on a variable interval schedule was taken a5 one r. Mor 
sexualresponsiveness. Anindependent measure was the copulatory behavi? ss Jat 
were sexually exhausted in the apparatus and retested 1, 3 OT cele 


Consummatory measures showed that the curve of recovery is negatively á 


who 
(1927). ons 


SEXUAL EXHAUSTION AND RECOVERY IN THE MALE RAT 123 


and j 

prae asymptote approximately 6 days after satiation. Rate of bar- 

E or proved an insensitive measure of sexual recovery, but was signicantly 

i qm i changes taking place in the consummatory response during the course 

Pur; y -— 

the c p The purpose of the present investigation was twofold: (1) to measure 

= E of sexual exhaustion in fully-rested male rats, and (2) to measure the degree 

e E. recovery at different intervals after exhaustion. The study was conceived 
mative one which would provide empirical information essential to the 


Planni 
ning of subsequent experiments. 


SUBJECTS, APPARATUS AND PROCEDURE 


Select 
ction and Maintenance of Subjects 


X] i B 

(iain subjects were r2 male rats approximately 1 
and rea; p Both hooded and albino types were included. All males had been 
their matin red in our laboratory. Sexually active males were selected on the basis of 
animals = g poom in three or four preliminary tests with receptive females. All 
individuale. ated in the preliminary tests, and ro males ejaculated. Males were housed 
Was con teal =< were maintained in the experimental room in which the light-dark cycle 
ad libitum ed by an electric clock. Drinking water and Purina chow were available 

; and escarole was added twice weekly. 


Abparatys 


Th d 
Were semp paratus included special observation cages 
5 top, E having a straight, glass front, sheet-metal sides an a 
T top was hi, cages were 20 inches wide at the front, 12 inches deep, and ro inches high. 
-°P Was Surm inged to permit introduction and removal of the male. The rear half of the 
re crate by a cylindrical release can in which a receptive female was placed 
Thtetweigh t St. The bottom of the can was hinged and could be dropped by raising 

p: Tee i 

ss he inei atom cages were fastened to a rack in such 

StVer's side SoneOusly by an observer seated approxim 

Sepa e o Cree. three counterweights controlling the trap-floors of the release cans. 

“tate marl, r also operated three microswitches manually, each switch activating a 
er which recorded on waxed paper pulled by a constant speed kymograph. 
The observer recorded 


dig, Inch o 

e a : 

Tent ,,, PPer passed under the markers every 12:6 seconds. 
sing the microswitch for 


Varying CYPeS Of sexya 
thong lengthe Pf Sexual responses made by the subjects by closing Serve and record 
e to ob: 


Of ex; 50 days old at the beginning 
orn 


and a recording device. The cages 
d back, and a plexi- 


a position that they could be 
ately 6 feet away. At the 


Tee 
the Matj of tim $s à : 7 
f us ime. With this arrangement it was poss! 
m. "quency wits Simultaneously. pagar the eymograph records were analysed, 
s z timing of response could be determined. 
ind cedure 
en and progesterone 


Cent 
d then tive f 
The dor receptivi were brought into heat by injections of estrog' 
ck ; Bes an ie, Was pretested by noting their reactions to a non-exP each 
" i QURE of injections were those used in earlier studies (Pa 
Al] VS ma, nly fully receptive females were used in the experi 


€ R i t tests. 
e to pair each male with the same Gn io: ny fore the start of 


in 
N the Te 8 was done duri s cle. Befo: d 
e CPtiv, uring the dark phase of the 24 cs al male was place 
Observa io female was put in the release can and the experimental. e longer 
"AS used ed and allowed 5 to 15 minutes for cage 
| Carly tests, but <periment progress 
eq Suff X , but as the exper! t T kymograp 4 
Rec cnd the ; CVt. At the end of the adaptation period Ung the co i 


ale was 
xual exhaustion was met. aan the 
% vi 
utes to elapse 
once during the firs 
tive for that day- 


S wer A 
aghti e 45 Continued until the criterion of Sè 
teg Ve fe- _CXhaust š 

We emale sted when he allowed 30 min 
te remo, Males that failed to mount at least 


Oved from the cage and scored as nega 
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Scheduling of Tests 

Measuring exhaustion and recovery. The original design was based upon Sch 
fnding that 6 days of rest yielded full recovery from sexual exhaustion in male ra! of 
Accordingly, 3 tests were scheduled to occur 6 days after complete exhaustion. One T 
these tests was followed by a retest after a 24-hour interval. Another was followed by 
test conducted after a rest of 3 days. Tests immediately preceding the 1-day and 3-day 
tests were in turn preceded by 6 days of rest. 

Results obtained in the course of experimentation led us to believe that sexual recovery 
was not complete in our animals after a 6-day rest. Therefore when the randomize 
schedule was completed rr rats were given a rest of 15 days and then retested. Since 
few animals had not ejaculated in the test preceding the 15-day rest, the recovery pere 
actually varied from 15 to 21 days in different individuals. Six rats were tested agin f 
1 day later. If no copulatory behaviour occurred they were allowed another 2 days 
rest and tested once more a total of 3 days after the 15-day test. The remaining 
were tested 3 days after the 15-day test. 

Measuring level of performance at shorter intervals. Beginning from 9 to 16 days days: 
the final exhaustion test 5 males were tested for sexual activity once a day for 13 í ays 
These tests lasted 15 minutes from the first mount or 15 minutes from the introduction | 
the female if no mounting occurred. Most males of our strain will achieve at least Six 
ejaculation within 15 minutes from the start of copulation if they copulate at a 1. ts at 
other males plus 3 additional experienced copulators were given 11 or 12 similar tes 
48-hour intervals, i.e. every other day. 


wartz's 


after 


RESULTS 
The Course of Exhaustion in Fully Rested Males 


si d 
Because of evidence to be presented below we concluded that males which Es 
not engaged in sexual activity for 15 days could be regarded as fully reste ore 
capable of maximal copulatory performance. Therefore behaviour in the 15-0r. 
day-tests was analysed to study the course of sexual exhaustion. 

: Eleven males were tested after a rest of 15-21 days. In this test 
ejaculated 5 or more times. One rat failed to copulate in the first 30 minutes s ed 
15-day test and was also negative at 16 days. On the eighteenth day he ejacu 
7 times. The reasons for such failures are obscure, but it is not uncom 


10 ani 


vigorous male to skip a test occasionally. re 
Gross measures of sexual capacity. In fully rested males the time needed a test 
sexual satiation varied from 61:5 to 141-5 minutes. The mean duration of t fin 


from the introduction of the receptive female to the occurrence of the MA pe tim’ 
ejaculation was 89:2 minutes (Median — 82-8). Subtracting from this total riod5 of 
elapsing before the male first began to mate (mount latency), and also the p? m 
sexual inactivity following all but the terminal ejaculation (refractory pers 967 
find that the average number of minutes spent in actual copulatory activity y 
(Median = 23:1). The range was from 17:4 to 89-7 minutes. rea 

In terms of ejaculatory performance the criterion of sexual exhaustion was ; we 
after a mean number of 6:9 ejaculations (Median = 7-0). Individual vao i ert? | 
considerable and the total number of ejaculations ranged from 5 to 10 ME 
males. In order to achieve this number of ejaculations the subjects 


resumed copulating but did not ejaculate again and finally met the © 
failing to mount the female for a period of 30 minutes. These results gav' rev! 
in our selection of the criterion for sexual exhaustion. Apparently ! n an? 
active male ceases copulating for 30 minutes he would be unlikely tO a 


ba —— "C PRNES 
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ejaculation in that test even if left with the female for a longer period of time. One 
or more ejaculations occurred in 57 of all the exhaustion tests, and in 53 (go per cent.) 
of these tests all mounting activity was terminated by the final ejaculation. 

The average delay between the introduction of the receptive female and the 
male's first mounting response (mount latency) was 7470 seconds (Median = 80). The 
mean was heavily influenced by negative tests for which an arbitrary mount latency 
of 1,800 seconds (30 minutes) was assigned. Since there were only 2 negative tests 
this practice did not affect the median. When negative tests were excluded, the range 
M individual mount latencies was found to be 2 to 580 seconds. f 
_ Mount latency applies to the first mount whether it be a completed copulation 
with intromission or an abortive copulatory attempt. Intromission latency refers to 
the time between introduction of the incentive female and the occurrence of the first 
complete copulation. In fully rested males this measure had an average value of 
253 Seconds when negative tests were included (Median = 12-0). Counting only 
Positive tests the range of intromission latencies was 2 to 750 seconds. 


a Behavioural changes as exhaustion approaches. To analyse the nature of m 

austion we studied the changes in behaviour preceding each successive ejaculation 
“P to the point at which the criterion was met. As noted above, only the records of 
Tales rested for I5 or more days were used. . ituati 
to ome of the results are summarized in Table I, which represents the situa p "p 
t and Including the sixth ejaculation. So few animals ejaculated more than i im ' 
ae 8toup scores are not represenative past this point. The average number o: 


this missions preceding the first ejaculation was 1064 and for succeeding heme s 
average E decreased with the result that the sixth ejaculation was prece 


Only 4-10 intromissions. 


TABLE I 


TIONS 
Sets om Penromunee Associarep wim Suore ETT —— 
Sey; TIT to recover 
d number o iod pir) a Seconds to achieve eee mating 
Rm Eso ejaculation H 
al 324 
I 
a 450 95 
2 S 216 p 
Eo ) 198 495 
4 5°73 150 597 
5 5:09 210 818 


j jon latency, 
: Ejaculation 
hown in Table I are based upon &r! : Aculation was 450 seconds 
in the rne from the first mount to the occurrence of the eja! » culation. Wm 
was So; > of the first, and 216 seconds in the case ive i a8 ssi 
à ime Ay for further decrease with Se periods that follow x 
due ation €, à clear-cut increase in the refractory perio monitory 3 oes 
UStign " Lengthening of the refractory PEO". ulated 10 bc and 1,082 


: hich eja! 

cto, For example, in the one male W 244, 364, 405: 
nds P Periods were as follows: 330, 389; 43% 43^ owed by an v 
"acto, The tenth ejaculation was, of COUP 

Period which exceeded 30 minutes. 


Ti 
or tha’ Scores s 
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The Course of Recovery from Sexual Exhaustion i 

It will be recalled that males were tested at r, 3, 6 and r5 days after se 
exhaustion. Sometimes a male failed to copulate and was retested at some mo 
not included in this series. Our analysis of the following behavioural data has Pe 
confined to results obtained on 70 tests conducted at the stated intervals. Seven p 
other tests which occurred at 7, 8, 9, 10, 12, 18 or 21 days have not been used in s. 
statistical treatment although results from them are represented in some of the figures. 


Changes in the test as a whole, The percentage of tests in which each type of RE 
response occurred at least once after various recovery periods is shown 1m Tab we 
Relatively little recovery appears to have taken place during the first 24 hours & b 
exhaustion and the curve is still rising after 3 days of rest. From these data oe 
cannot determine whether full recovery has been achieved at the end of 6 days teca % 
the number of 15-day tests is too small to yield a stable score. Other findings Bc 
presented below show that 6 days of rest does not produce complete sexual reco 


TABLE II 
PERCENTAGE OF TESTS IN WHICH EacH Type or RESPONSE OCCURRED AT 


DIFFERENT POINTS ON THE CURVE OF SEXUAL RECOVERY 


Days since sexual exhaustion 


I 3 6 15 
Total number of tests .. .. na ‘iia 16 23 25 E: 
Per cent. with no mating activity .. ts 69 26 4 A 
Per cent. with attempted copulation only .. 25 o 8 8 
Per cent. with ejaculation  .. uns is 6 74 88 3 
e Ae PCR ERES: EIUS Ro 
T 
í , à . rs afte 
Ejaculation was achieved by only one male in the test conducted 24 newreached 
exhaustion, and this animal ejaculated but once. For those rats tha dim was 
ejaculation in 3-day tests, the median number of ejaculations to exhaus rest the 


3:0 (R = 1-5). At 6 days this value was 5-0 (R = 4-6), and after a 15-day igure I 
median number of ejaculations preceding exhaustion was 6:0 (R = 5-8) that t 
illustrates the number of ejaculations occurring in all tests including those S dia" 
place at intervals other than the 4 standard ones. A curve drawn through the atively 
values for days 1, 3, 6 and 15 would show that sexual recovery is 4 per and 
accelerated function and is probably complete at some point between the 

fifteenth days of rest. 


TABLE III e 
ISPO 
MEAN NUMBER OF COMPLETE AND ĪNCOMPLETE CopuLATORY RESPO" 


NECESSARY TO PRODUCE EJACULATION sd 


Incomplete ; ned 
Days since sexual Copulations copulations pe Gomb! 
exhaustion Ejaculations per ejaculation ejaculation a 
17" 
58 8-19 9:10 1324 


SEXUAL EX 
EXHAUSTION AND RECOVERY IN THE MALE RAT 
£ I2 
FIGURE 1 à 


à RESPONSES 


^ 
1 
l 3 5 7 9 [I 13 
y Numbe DAYS SINCE SATIATION 
r of n 
oO : mo , 2 
Occurring ian, responses Or ejaculations to produce exhaustion in tests 
au tivity. "Haif-Blled e. periods of rest. (Hollow circles represent no copulatory 
W the number penis represent copulation but no ejaculation. Solid dots 
of ejaculations occurring before the criterion of exhaustion 
was reached ) 


d males to achieve ejacula- 


In 
tion ,, Seneral i 
ntu it appeared more difficult for partially reste 
d from sexual exhaustion. 


Thi an for 
ìs di other males which were more nearly recovere 
ad rested only 3 days had 


erence j 
e is brought out in Table III. Animals that he 
culation than did males with 6 or 


e 
1s da ute more copul. 
opulatory responses to attain eja 


he curve 0 
though not entirely complete 


Days since precedi ng exhaustion 


6 z 
39 
30 
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Since the number of ejaculations tended to vary with the number of days of 
recovery it is to be expected that the total amount of sexual activity necessary to 
produce exhaustion would vary in like manner. This proved to be the case as 1S 
shown in Table IV. The number of intromissions and for the most part, of incomplete 
copulations preceding exhaustion increased in males tested after 3, 6 and 15 days 9 
sexualinactivity. The length of time during which males remained sexually reactive 
increased similarly. a 

The median intromission latency (i.e. delay before the first completed copulation) 
in 1-day tests was 3,600 seconds. Comparable scores were 623 seconds for 3-day 
tests, 135 seconds for 6-day tests and 18 seconds for tests preceded by 15 days 0 
sexual rest. This measure appears to be quite sensitive to sexual exhaustion an 
recovery. If we compare median mount latencies in tests conducted after different 
periods of rest the results are as shown in Table V. It will be recalled that moun , 
latency refers to the first copulatory response regardless of whether intromission 15 
achieved. Mount latencies like intromission latencies are clearly affected by the 
degree of recovery from a session of unlimited sexual activity. 


TABLE V 
EFFECTS or VARYING PERIODS OF SEXUAL INACTIVITY UPON DELAY PREC 


THE INITIATION OF SEXUAL CONTACT . 


Days since sexual exhaustion 


EDING 


- 2 2 115 Grand median 
Median Mount Latency in Seconds ..| 1,800 m A - ue 
emt et 
Per cent. of Tests Above Grand Median 81 65 = : : 


D 


Per cent. of Tests Below Grand Median 19 35 68 67 
t € 

Changes occurring as the test progressed. The course of sexual exhaustion et 
different periods of rest is reflected in Figure 2, which shows the time from 
beginning of the test at which successive ejaculations occurred. The shape rati 
curves obtained after 3, 6 or 15 days of rest is similar. The positive accele à 
reveals that successive ejaculations were spaced farther and farther gr. nctio? 
exhaustion point was approached. The overall rate of decline is seen to ay 
of the degree of recovery at the start of the test asures’ 

The function represented in Figure 2 is actually a combination of tW S and4 
plug latencies and refractory periods. These are plotted separately in Figura d 
Here it is shown that refractory periods following successive ejaculation? vested for 
progressively for all groups and the rate of increase was slowest in ™ d 
15 days and most rapid in rats tested after only 3 days of rest. e 

The curves for ejaculation latencies tell a different story. Time to 
first ejaculation was inversely related to duration of the rest period pees 
test. However, for all groups the remaining ejaculations were achiev tots yas 
times and no intragroup differences are evident. This was due to twe ue tion i 
number of complete and incomplete copulations preceding the first €) EA the 5E gl 
higher than that preceding subsequent ejaculations for all 3 groups, € the nm 
with which one mounting response followed another was increased afte 


ejaculation had been achieved. 
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Short interval tests. It will be recalled that 9 rats were given 15-minute tests at 
intervals of every other day, and 5 males were tested once every 24 hours. Ejaculation 
occurred in 78 per cent. of the 107 tests conducted at 48-hour intervals and in 77 per 
cent. of the 65 tests given once a day. Ejaculation was present in only 83 per cent. 
of the tests made after a 15-day rest. 

FIGURE 4 
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Successive ejaculation latencies 

e 
Median mount latency was 10 seconds on the 48-hour tests and 14 seconds Un 
24-hour tests. In the 15-day tests the mount latency was 8 seconds. in rom and 
latency had a median value of 34 seconds for the 1-day, 17 seconds for the E 
12 seconds for the 15-day tests. The average number of intromissions to a day? 
ejaculation was 10-4 in tests given daily, 11-4 for tests occurring on alternat? test? 
and 10:6 in 15-day tests. Median ejaculation latency was 343 seconds in B x d by 4 
410 seconds in tests given every other day, and 450 seconds in tests precede 
15-day rest. Continuous graphs of sexual performance on successive shor tested 
tests reveal no consistent trends of behavioural change. The records © I9 te day? 

every day are somewhat more variable than those of males tested on 4 pris 
but there are no indications of progressive or cumulative sexual fatigue: ure ale 


Considered in combination these findings present a reasonably cleat p! j enes 
] respon? 


rats allowed to ejaculate once a day maintain sufficient sexua E d 
Pe ai test? 


continue at a constant level of mating activity for considerable 
Nevertheless the motivational level is probably below the maximum. on 
every other day have slightly greater sexual capacity but are not as TesP 
fully rested males. 

x 


( 


n—— REESE 


SE c 
XUAL EXHAUSTION AND RECOVERY IN THE MALE RAT I3I 


b. : DISCUSSION 
mai A E the present writer postulated the existence of two 
RI elt hanisms involved in masculine sexual behaviour (Beach, 1955). The 
ES weertane ism (AM) mediates the awakening and increase of sexual excitement 
E ruens es in copulation. When the copulatory threshold is reached mounting 
latory uma occur and these responses are mediated by the copulatory-ejacu- 
resulting from sm (CM » Coition produces a qualitative change in the sensory input 
appropriatel genital stimulation. Ejaculation is the end product of a series of 
Followi y spaced intromissions. 
regains its i ye uiri the AM becomes temporarily unresponsive. Asthe AM 
Gccurs and ctivity the male begins again to react to sexual stimulation; arousal 
the CM is once more thrown into action. 


Effect : 
cts of Sexual Exhaustion and Rest upon the AM 
of the AM are the intro- 


Missi 

on latency and the post-ejaculatory refractory periods. Changes in the latter 
ccurring in the AM during 
is pr : : successive refractory periods 
Progressively increased. This is interpreted to mean that a series of NEAREST 

he lenetl : e responsiveness of the AM 2 
CCessive a " time needed for recovery of excitability was increased by each 
i ati "s lation until finally this interval exceeded 30 minutes and the test was 
b m is the ejaculation rather than total intromissions which depresses the 
is effect is independent of the number of intromissions needed to 


T( 
Produce orgasm. 


exu ; . 
al vest, Failure to copulate on any given occasion may be due to a variety of 
nced by factors other than 


ĉasons f 

Preceding aa excitability of the AM is certainly influe 

24 D e ulations: Nevertheless the high proportion of negative tests occurring 

oubteq] er sexual exhaustion and the still appreciable number after a 3-day rest 
ore ae reflect in part submaximal recovery of the AM in some individuals. 

: ar-cut evidence is provided by the median mount latencies recorded in 


Posit: 

ive à | i 

Secong tests occurring after 1, 3, 6 or 15 days of sexual rest. The respective scores in 
sensitive index to the state 


ef the Tee 1,800, 429, 30 and 33. An even more 
23, 135 is the intromission latency. Median values for this measure were 3,600, 
e follo and 18 seconds. It seems clear that recovery of excitability 1n the 
Maxima] wing sexual exhaustion is a negatively accelerated function and that a 
c da of responsiveness is probably not attained in less than one week. 
tin Sive B of the rapidity with which males recover from the effects of ae 
ES eto ju allons also reflect the effects of sexual rest upon the AM > “lhe me a 
per à 3-d me copulating after the first ejaculation was 50. ds in tests occu ai 
in I5 or ved Test, 397 seconds in 6-day tests and 324 secon ests following a T E 
“Tease ore days, The rate at which the duratio: uent refractory periocs 


Seer. Wi 
n as A ý 
ty. Figure greatest in 3-day tests and slowest in 15-0 al 
allo Citabi;, di im 
Bre. Ned a lity of the AM appears to be held slightly below ne is a bit 
24 E Sin ejaculation p 48 hours, à? - aera ejaculated once every 
On, Ours h aculations are rs apart. Males a at xperien 
tex acu; Ho median hebt man kj 34 secon a io Eger is ‘vith a 15-day 

Chieu aa GVE . s 17 secor» 

Ved ; ry other day this figure wa 5 

d intromission in $ seconds. 
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Effects of Sexual Exhaustion and Rest upon the CM s 

Sexual exhaustion. Changes in the functional state of the CM are reflected in the 
amount of genital stimulation necessary to produce ejaculation and in the ej aculation 
latency. Present findings suggest that the first factor is reduced as a result of suc- 
cessive ejaculations. This “sensitizing” effect on the CM is most noticeable 
following the initial ejaculation. As shown in Table I, more than 10 intromissions 
preceded the first ejaculation in fully rested males, whereas the second orgasm 
occurred after only 6 such responses. Further reduction in intromissions necessary 
to produce succeeding ejaculations is indicated by the tabular data. x 

As measured in this fashion the excitability of the CM seems to remain high until 
the male ceases to make any sexual responses due to extreme loss of reactivity in the 
AM. One male ejaculated ro times before reaching the criterion of sexual exhaustion. 
Each of the last two ejaculations was produced by 2 intromissions. 

Table I also reveals that the length of time needed to reach ejaculation tends to 
decrease as the test progresses. This is, of course, due in part to the reduction m 
intromission frequency, but other factors to be discussed below may be involved. , 

Sexual rest. The amount of genital stimulation needed to produce the firs 
ejaculation in a test varies according to the male’s sexual condition. The tot: 3 
complete and incomplete copulations preceding the initial ejaculation was 23:2! 
3-day tests, 19:1 in 6-day tests and 17-4 in tests following a rest of 15 days. h of 

The time needed to ejaculate for the first time varied inversely with the lengt í 
sexual rest. Median first plug latencies were 450 seconds in 15-day tests, 631 11 ^" 
tests and 756 seconds in tests conducted after 3 days of rest. 

It is apparent that the excitability of the CM is low after an exhaustion ear- 
recovers gradually as a result of sexual inactivity. At the same time there isa c of 
cut tendency for successive ejaculation latencies to decrease in all tests rega” dies 
time since the preceding exhaustion. 

One ejaculation every 24 or 48 hours seems to have no detectable effect u 
CM. Atany rate the number of intromissions necessary to produce one ejacu 
was 10-4 in 24-hour tests and 11-4 in 48-hour tests as compared with 10:5 in 
more-day tests. ingful 

A measure which as yet we have been unable to interpret in any mede of 
fashion might be called copulatory speed. It is derived by dividing the m ; the 
intromissions to ejaculate into the ejaculatory latency. In effect this indica ustion 
rapidity with which one copulation follows another. In the course of an €* 2 
test the curve of copulatory speed first increases and then decreases. In tests ° o the 

rested males the speed was 51:5 seconds to the first ejaculation, 34°9 Seco” $ atiO® 
third and 52-7 seconds to the seventh ejaculation. In achieving their final ah widely 
males tend, as noted above, to execute relatively few copulations but these um at the 
spaced in time. It is because of progressive changes in copulatory speeds a mere 
copulatory latencies listed in Table I were said to reflect something more Ue 
reduction in intromission frequency. dy were 
Estradiol benzoate (Progynon B) and progesterone (Proluton) used in this Sloomfieló 
generously supplied by Dr. Edward Henderson, of Schering Corporation, 
New Jersey. 
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DISTORTIONS IN IMMEDIATE MEMORY 


BY 


J. BROWN 
From the Department of Psychology, Birkbeck College, University of London 


ented to each subject: 


"The second member 
d whether & 


One grouP 


A series of five pairs of abstract geometrical figures were pres! 
Unknown to the subjects, the members of each pair were identical. 
was presented ro seconds after the first member and the subject then judge 
specified feature of the figure had changed in one of two possible directions. n 
of 32 subjects were not told which feature of the figure would be critical until presentation 
of the second member: a further group of 32 subjects were given this information be ES 
presentation of the first member. Subjects in both groups were significantly consiste? 
with one another in some of their judgements, thus indicating that distortions in remi 
bering had occurred. Itis argued that memory distortions of this type (for which prev 
evidence has been unsatisfactory) are of particular interest since, unlike other mem! A 
changes, they are difficult to ascribe to the constructive or inferential character 
recognition and recall. 


I 
INTRODUCTION 
at the 


Memory distortions may be held to arise either during retention and/or tion 
time of recognition or recall. For convenience, distortion arising during rete? of 
will be called retention distortion and distortion arising at the time of recognit io 0 
recall will be called recognition and recall distortion respectively. Both kin ane 
distortion have been alleged to occur. Retention distortion implies bu NE 
change takes place in the neural substrate of retention, other than simple E ter- 
Koffka (1935) claimed that resolution of internal stresses in the memory bes. ban 
action between traces and communication with new perceptions all lead to such € "gett: 
in the trace during retention. Similarly, the schemata of Bartlett’s theory r, th 
1932) are held to undergo modification during retention; on this theory, howeve™ iso 
modification is ascribed to the effects of new perceptions only. ar any 
emphasized that distortions arise from the reconstructive character of recall. 
others, especially psychologists in the Behaviourist tradition, have contende 
memory distortions are due to recall or recognition distortion. r 

It is certainly plausible to attribute many memory distortions to Tec ;citly 9 
tion distortion. If the original material has been partially forgotten, och 
implicitly recall or recognition will involve a certain amount of infer 
inference must often lead to distortions. Now the sources of information Vr wha 
can be based are: (i) what the subject still remembers of the material; \ sour! 
remembers of his cognitive and affective reactions to the material DS w 
information is not sharply distinguished from the first: the subject’s Sees elie! 
material are, in a general sense, his ways of coding it); (iii) his knowledge ul fro” 
as to what is probable. Hence the distortions which may be expecte 
the inferential element in recognition and recall include exaggeration of s base 
importance of aspects of the material which are still remembered, © 
inferences from affective and cognitive reactions and, finally, 


direction of the conventional and expected. ni gpitio” e" 
dr is pe 
ro 


ence. pich. it 


Before distortions which are difficult to attribute to recall an 
considered, an argument for the occurrence of retention distortion 
to Bartlett’s theory of remembering should be mentioned. The argu 


whic 


j 


ee ee JP" v 
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from the 
ES oreste of recall distortions and might be expressed as follows. Recall 
Teveal a knowle: a P eid in the direction of the conventional and expected, and thus 
9 depend prima im a) probabilities. Now knowledge of probabilities does not seem 
to develop conf ily on remembering and reviewing relevant experiences, but seems 
of Which are Ure mpg from the succession of individual experiences, the majority 
tions Which individi reovtens This suggests that retention is mediated by the modifica- 
Memory traces as experiences produce in plastic schemata and not by individual 
S. Since later experiences will further modify the schemata, retention 


istortion w; 
will Th: k 7 
occur. This conclusion only holds, however, if both the learning of 
bed to schemata; it does 


Probabiliti 

not hold Spe d the retention of individual events are ascri 

à 1S very AU deae of individual events is ascribed to individual traces. And 
erms of E whether it is possible to explain retention of individual events in 

fet The main zm alone (Oldfield & Zangwill, 1943; Gomulicki, 1953). 

Stortion are t] soi distortions which are not easy to attribute to re 
a an Which a which have been reported in the remembering D à 
Whi S consistent pa claimed to be fairly constant from subject to subject. Thus if 

h this could ^ partial closure of the gap in a circle, there is no obvious way in 
e the product of inferential recognition or recall, A smaller gap 1S 


S More ro 
di be x E E hay a larger gap, for example. The interpretation of such changes 
Most (pct Occur esed in the discussion. A prior question is whether such changes 
tig, "1 the investi or one reason or another, the evidenceihas; been unsatisfactory. 
Probi his PM. s pla who reported positive results used the method of reproduc- 
19». ical si has serious defects: classification of the reproductions is 
Meth,» COdworth the reproductions are influenced by drawing habits (Hanawalt, 
theip d and obtai 1938). Hebb & Foord (1945) and George (1952) used a recognition 
fiture gnition tee little evidence of consistent memory changes. However, 5 
MAuepa X a Seri est the subject had to select what he believed to be m aD 
trae Ree of centr es of similar figures: any changes may have been masked by 
Gest, tablish al tendency of judgement and by the influence of the further mm 
of et c - by the first figures examined. The most satisfactory a d 
nges was obtained by Irwin & Seidenfeld (1937). EG SEM 


Most Parison. 
of on; alth 5 bun E 
i th ough Hanawalt (1952) in a similar expen’ lus figures one 


ed a second series 


vhi o 
ch a 
resent 
De As each figure of 


this em Unknown (P of subjects. Three minutes la 
& TN Series ue subjects, was identical to tions as to how 
ul f 5 presented, tl iects were a5 : 
tet UM the similar fi a pry series. This method avoids mE E 
went "Production method and is essenti ted in the prese 
i ` 1S 
M ng criticise” Es in which they used it, how E 
ae - Firstly, if a subject’s attention is dire - strikingly, 
this hoigtous ae this Bas alter the appearance of the figure—Very strikingly 
p ete ry leas or a puzzle picture, for example. H s 
to the explain their results, since the attention OF 574 
$ a destures bout wh judgements were require 
Mfg Tors c € figures. Secondly, since the series 0 Ese throug 
ox," of judgement about individual figures COM? 


tos The M II 
iti, eth, METHOD tions. Under OP 
n, 4 Od of 7 arate conditi ber of eat 
K Subject was mob y re ed under Pon of the second mem 
ot told unti 


a 
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pair of stimulus figures which feature of the figures was to be compared. Under the second l 
condition, this information was given before the presentation of the first member of the 
pair. This condition is a check on the possible perceptual effect mentioned as a criticism 

of Irwin and Seidenfeld’s experiment. The second member of each pair was presente! l 


ro seconds after the first member. s . 
A. series of five pairs of stimulus cards was prepared. The cards of each pair were —— 


identical, apart from minor blemishes. Each pair carried a different stimulus figure. The 
stimulus figures (reduced in size) are shown in Figure 1. They were drawn in black ink 
on the cards which were of white board, 20 cm. square. The size of each stimulus figure 
was such that it was well away from the edges of the card: for example, A was IO cm. long. | 
Each subject was tested separately and was seated about 4 feet from the experimenter. 


FIGURE 1 


ps 


FL d 


(os D E 


The Stimulus Figures. 


first pair of identical cards. Immediately before being shown the second carey rtet 
was asked one of the following questions. With A, “Is the centre line longer or pes cen 
with B, “Is the gap in the circle larger or smaller?"'; with C, “Is the break 19 = with 
line larger or smaller ?’’; with D, “Are the angles of the figure ‘flatter or sharper? res 
“Are the dots closer to one another or further apart?" The second car vas pre AR 
until the subject made his judgement: this was usually within 2 or 3 s 
his judgement had been recorded, the remaining pairs of cards were P 
same procedure. 

Half the subjects were shown one card of each pair first and half were show" ne "n 
card first, in order to balance out any biases introduced by slight differences ie pjec* I 
The order of presentation of different pairs of cards was varied from su ject t? ži ‘4 
not systematically. 

Condition II. This condition differed from the first in that the subject wantin = 
question would be asked about the second card immediately before present? i 
first card. sub) 

One group of 32 subjects was tested under condition I and a sec 
mert condition II. The subjects were male and female undergradua ! 
workers. 


Y we re led b i i : 
Te the instructions to eXPC"; 
Not led to Reel any particular directions of chan 
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II 
The ir RESULTS 
questi j i 
gures to ay a there is a significant tendency with some of the stimulus 
1 Table T, f denot ange in one rather than the other of the two possible directions. 
es the number of subjects who reported a change in the more 


Popular directi 
Irection; 
n; 4 denotes the number who reported a change in either direction. 


TABLE I 
CHANGES REPORTED 
Figi 
Condition T Ee Judgement $ n £ Significance 
= Centre line is shorter..| 21: 29 497 | P «o5 
(S Gap is smaller cal 2o | 27 | 3593: | P € 9025 
D Break is smaller a X7 24 3:37 | not significant 
E Angles are flatter — ..| 28 32 1653 | P «oor 
Ndition y Dots are closer exl a 25 o17 | not significant 
n LT 
E Centre line is shorter. . 26 865 | P «oor 
C Gap is smaller 22 0:00 — 
D Break is smaller «s X5 25 0:67 | not significant 
E Angles are flatter — ..| 18 26 32 | not significant 
Dots are closer 6 24 504 | P «0025 
e NM (x? tests whether fin differs significantly from 3—see text) 
ro With : "m. 
of a e Ser correction) shows whether the proportion fin differs significantly 
E ed value of 1 on the null hypothesis. It will be seen that three out 
f five under 


ition I and two out of five ù 
for figure D under condition tB 


before ^ the Be. e a change and 28 reported that the angles he 
jec ^ le first s was much less marked under con 
figure S Porte Fi esentation of D which feature wou l 
kure A, the tren 3 hat they made estimates of the size of the angles 1n degr T With 
tenq ;” 8 Small Cn the results was actually more marked under : 
‘port in the op o Significant trend was obtained under condition I 
ed th ue direction was obtained under condition a 
steag One a, €y had not attended to the relevant feature (distance 
Qi en they h Nother) of this figure under condition I when it was "E e of the 
iig Ces Sx studied the distance of the black dots from the circle. v actually 
» um gren the trends obtained under the two conditions ar conti 
Ut o i X test, More judgements of “no change" were given under co 
Rn e Pos under condition I (23 out of 160). ther the first oF 
uq 2d of €d whether subjects had any tendency t since this 
ud Mflueng © two alternatives stated in the question abon 
Altern ent corre the results, Examination of Table I show’ bey an 
vith P onded to the first alternative with figure? f the condition. 
Ney ¢ gures C and D; while with E it varied with 
an be observed. 


Condit: "6 Valu 
es e 
tion of f/x were significant under cond 


anda significant 


t presented: 


byg lhe " IV 
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hey Jects we Dis ect changes in the 
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of the figures, there was a significant tendency for subjects to report a change in one 
rather than the other of the two possible directions. This implies either that these 
figures were perceived differently on their second presentation or that memory 
distortions had occurred. A possible source of perceptual change is à change 1n 
perceptual attitude between the two presentations. This is unlikely to explain the 
results, however, since significant tendencies were obtained even in the group © 
subjects who were told which feature would be critical before the first of the two 
presentations and for whom change in perceptual attitude should therefore have been 
minimal The tendencies were somewhat less marked for this group. This was 
unexpected since there is evidence that a selective learning set can have a considerable 
influence on the strength of the memory trace established at the time of perception 
(Brown, 1954)—and hence, indirectly, on the likelihood of memory distortion. The 
results bear some resemblance to figural after-effects and might be regarded as @ 
species of perceptual change for this reason. However, the initial inspection perio 

of each figure was only 3 seconds, so that it is doubtful whether the two phenomena 
are related. The conclusion therefore is that the results demonstrate memory change 
rather than perceptual change. " 

The similarity of the experiment to time-error experiments will have been noticed. 
It differs from such experiments partly in the complexity of the stimuli which the 
subject is asked to compare and partly in the absence of any obvious criterion 1o 
classifying a judgement as a positive or a negative error. The results in time-errot 
experiments are apt to be unstable. Hanawalt (1952) maintains that this is also s. 
of results on memory change obtained by the method of comparison. Only furthe 
work can show how far the present results are a function of the particular experimen 
situation employed. 

The experiment seems to demonstrate the occurrence of distortions in t 
bering of abstract visual material, by a method less open to criticism tha ‘ons 
used previously. The fundamental problem this raises is whether such isto, 
provide evidence for retention rather than recognition distortion. As argued (o 
Introduction, they are less easy to attribute than are most memory distortion: 
recognition distortion (or to recall distortion, if a recall test has been employe®”" a are 
it does not follow that they cannot be attributed to recognition distortion. Then ee 
at least two ways in which such distortions might be produced by recognition A ect 
tion. Firstly, although there is no apparent reason why subjects shou exp 
particular changes in any of the figures, subjects may have had unsuspected Fine 
conceptions on the matter. Secondly—and this perhaps is more 4 cel 
distortions may have been produced in the following way. The same fU. then 
tend to evoke similar coding reactions in different subjects. These reactions m jine 
steer recall. For example, a verbal description such as "figure with long C&P", te 
might tend to be given for figure A. If such a description, although appropt™ ou 
A, would be even more appropriate if the centre line of A soem still longer b 
tend to make subjects judge the centre line of A as shorter on the second Pre 
This theory could be tested by first asking subjects how they had classifie "um the 
figure and then studying to which of a series of similar figures, together "9 
original figure, the description was regarded as being most appropriate — por tio” 

Even if it proves difficult to attribute these distortions to recognition Pam i 
this would constitute only a negative reason for attributing them to retenU jpu t 
tion. We may now consider possible reasons of a positive character for i ns ort 
them to retention distortion. Firstly, if it were shown that these distorti% ted 
with all subjects, this might be explained more easily if they were a 
retention distortion. For retention distortion could be presumed to dep? 


not 


he remem 
n methods 
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nue properties of the neural trace, whereas recognition distortion is influenced 
m d factors peculiar to the individual. In the present experiment, only significant 
dE 3 were demonstrated: some subjects reported no change with some figures and 
E reported a change in the direction opposite to the general trend. However, 
ds Subjects were uncertain in making their judgements. This implies that the 
Pe were only small ones, and a small change is not likely to be effective every 
a € a judgement is made, as experiments on thresholds show. The problem of the 
onsistency of these changes therefore requires further study. Secondly, if the 
or tortions were found to represent a further emphasis of unlearned principles of 
E m in perception (as Gestalt psychologists have maintained), this too, might 
orn, v be more consonant with the view that they are retention distortions. Whether 
ment this is so, it may be remarked that the changes obtained in the present experi- 
of th cannot be predicted from the Gestalt laws of perception. There was no closure 
ifi ET in the remembering of figure B, for example. With figure A, the centre 
ES this Muller-Lyer figure was remembered as even longer than it looked (since it 
m ged to be shorter on the second presentation) : this provides an interesting 
not a of the further emphasis of a perceptual distortion in remembering—but it is 
now istortion which exemplifies the Gestalt laws in any obvious way, nor do we 
ether it is an unlearned distortion. Thirdly, it has been held that if memory 
in m can be shown to be progressive, this would tend to show that they originate 
Di non distortion. This contention is unconvincing, however, since progressive 
lon can be the product of increasingly inferential recognition or recall, as 


ost 
vem has recently shown (Postman, 1954) 
us the memory distortions obtained in the present exp 


Not y t 
t Provide positive evidence for retention distortion; do at least constitute a challenge 


Eo theory that all memory distortions are due to recall or recognition distortion. 
Probie nod demonstrated in the experiment may prove useful in future work on the 
em of memory change. 
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MISCELLANEA 
A NOTE ON IMMEDIATE MEMORY 


BY 
O. L. ZANGWILL 
From the Psychological Laboratory, University of Cambridge 


In the course of an extensive inquiry into verbal memory processes (Gomulicki, 1952), 
some data were collected which appear to throw fresh light on the nature of imme V. 5 
memory. In particular, it was found that many of the varieties of constructive chang 


defined by Bartlett (1932) in connexion with long-term recall could be trace e 
-span. / 
ion with 


short-term recall some illustrative extracts from our material will be given. A full analy$!5 


In Gomulicki's experiments, narratives varying in length between 15 and 200 as 
were read aloud to 50 subjects, who were required to reproduce each passage orally 
accurately as possible immediately after it had been read. The subjects (of whom ^^ 
were women) were University graduates and undergraduates aged between 20 an ihe 
All subjects were tested individually and their reproductions recorded verbatim. 1n es, 
present note, we shall be concerned only with the results given in the case of two passag t 
respectively 22 and 44 words in length. Despite their brevity, striking and consis 
changes were observed in the reproductions which merit brief analysis. 


MATERIAL AND RESULTS e 
wer! 


Passage A. This passage read as follows: “A surprise awai hildren 
i nd : aited us. The ¢ st- 
oat aaa and dressing gowns. Helped by Cook, they had prepared the preakfa 
able. 
The principal results were as follows: 
(1) Despite its brevity, this passage was reproduced verbatim by only 5 subjects: ` 
(2) Analysis of the reproductions showed that certain parts of the pass@8™ ge- 
reproduced substantially unaltered whereas other cli ue at significant change 


[Lr s 1 ” ine 
(a) ‘‘A surprise awaited us" was reproduced unaltered by 45 subjects, 
changes by 4 and was omitted by 1 subject. 


(b) “The children were up" was reproduced verbatim by all 50 subjects. pject® 
sub)” ts 
ec! 


(c) “in nightclothes and dressing gowns” was repro by only 22 
"Nightclothes" was omitted by 2 and iene PURIS by presen Five sub] 
substituted "nightgowns" for "nightclothes" and 4 condensed "'nightclothes an jstitt! 
gowns" into "nightgowns." Three subjects omitted the whole phrase and one sub 
for it the words "completely dressed.” jt? 


i d w 

(d) “Helped by Cook they had prepared the breakfast-table" was reprodu gg state 
complete accuracy by only 9 subjects. Six altered the wording in such 2 way a n of, 
that it was the children who had helped the cook and 4 attributed preparatit posing. 
breakfast-table exclusively to her, Examples are “The children were up, in there prt? 
gowns, to help the cook with the breakfast table"; “. . . and helped the caos S sully 


the breakfast for us''; . . and the Cook prepared the breakfast-table. , 


stated that the cook had helped the children to get dressed. In brief, 12 subjec 3 dre! 
altered the sense of the passage by reversing the role of the cook and the chi y 


similar conventionalization. ontis! Ai 


(e) “breakfast-table”; 18 subjects whose reproductions were otherwise subi ast Met 
correct omitted "table." Variations on the last phrase were “prepared the t and 
laid the table” (3 subjects), “laid breakfast" (2 subjects), “cooked the breakfas ar 
the breakfast-table" (1 subject each). aifferen* n 

The distribution of correct reproductions, omissions and changes in 


of this passage are shown in Figure 1. 


with 


the 


EE MERE I E E RP 


Gem 


| 
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Passage B. , This passage read as follows: “Mack, aged ten, is a fine carpenter. He did 
zncle Bob a pipe for Easter and carved out a fine wooden doll, all in one piece, for his 
young nephew. He has since been working on a hutch for his ferrets to live in.” 

The principal results are as follows: 


(t) No subject reproduced this passage with word-perfect accuracy. 
at?) Certain inessential words and phrases were consistently omitted, e.g. the phrase 
In one piece" was dropped by 39 subjects. 
FIGURE 1 
Passage A 


Z 
J 
7 
f 
f 
7 
G 
A 
Z 


| 2a 2b 3a 3b 


[/ 
MET 7A altered | fio 
Zi 


ANALYSIS oF REPRODUCTIONS OF PASSAGE A 


I. “A surprise awaited us” 

2a. ‘The children were up" Y 

2b. "in nightclothes and dressing gowns 

3a. "Helped by Cook" E 

3b. "they had prepared the breakfast-table " 


( " 
whieh) Conventi everal items in the passage 
Riven might b 


Ung. A 
ang lable nildren to adults at Easter; secondly, do 
[9 


resents for li Mes as voung as 
unc four S for little boys; thirdly, boys as y 5 
ting! ferrets are not often kept X pets. These unusual features were 
th. T in à variety of ways which repay brief analysis; j d 
he Phrase Eas tev gift: All reiten to Easter was omitted by 18 sti a poo 
m to “at Easter," thus minimizing the significance a Gs Pur" ts subjects). Dune 
Prised “for hig birthday” (6 subjects) and “for Christma 


onalization was very marked. This affected sevé eldom. 
e held t ICE wi z xpectations. First, presents are S 

to conflict with habitual exp apes conventionally oo 

ften have ne; WS, 

1o do not o: dealt with 
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sent." Hence conventionalization is 
various forms of substitution in 14, 


142 
subject stated simply that the pipe was given “‘as a pre 
in this case achieved by omission in 18 cases and by 


making 32 in all. 
FIGURE 2 


Passage B 


4 


la lb 2a 2b 3a 3b 
E 
NL A altered A unaltered 
ANALYSIS OF REPRODUCTIONS OF PASSAGE B 
1a. "Mack is a fine carpenter” 
1b. "aged ten” 
2a. "He did Uncle Bob a pipe" 
2b. "for Easter" 
3a. "and carved out a fine wooden doll for 
his young nephew” 
3b. "all in one piece” 
“He has since been working on a hutch 


for his ferrets to live in" i 
l, 2 
(b) The doll and the nephew: The entire clause “and carved out a fine wooden Siained 
in one piece, for his young nephew” was omitted completely by 11 subjects. Two T” ases 


the doll but omitted all reference to the nephew. Substitutions occurred in 14 ope 


‘comprising "sister" (9 subjects), "cousin" (4 subjects) and "brother" [t: subjec ephe“, 


subject substituted "dog" for “doll” (possibly a mishearing). In 2 cases, nephe 
was displaced to the final sentence, e.g. ". . . is working on a hutch for his passes, 
ferrets.” Four subjects displayed a kind of partial amnesia for this part © e idle 
e.g. "has since been engaged on something,” "something about a doll in the 7 yho! 
“something about a nephew." In short, this part of the passage was omitter ents by 
or in part by 17 subjects, and conventionalized, either by substitution or displa 

16. Only 16 subjects reproduced this clause essentially unaltered. ^ were 3 

(c) The ferrets: “Rabbits” replaced “ferrets” in 7 reproductions and ther” sia): 


; š 5 " mn! 45 
omissions, in 2 cases with a sense of something having been forgotten (partial Were t pat 
The distribution of correct reproductions, changes and omissions of the dt 


n 
of the passage are shown in Figure 2. 
) Y 
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DISCUSSION 


The imi 
be Ey ned results demonstrate that abstraction and constructive change ma 
Economy in re x immediate recall of very short narrative passages. Although ad 
1932) in pn repra uction was anticipated, the extent of conventionalization (Bartlett, 
at least) would a e recall came as a distinct surprise. This process (in short-term memory 
Eiras who ppear to operate in four principal ways: (1) by omission, as when a word 
A se significance is at variance with habitual expectation is simply dropped out, 


With or with 
: out awareness of somethi 2 i 
i word some ing having been forgotten; (2) by minor alterati 
Order or syntax, which may produce significant change in sense with ial 
d word or phrase replaces the 


Change in word; 
Riise ; (3) by substitution, as when an importe 
o Bathe 20 by ee as where a word or phrase is transposed from one place 
Without the iem a passage. In all cases, conventionalization appears to occur wholly 
hese pre kiy s knowledge or intention, i.e. as an unwitting process. 
related aspects inary observations might suggest that conventionalization has two closely 
pects, which may be termed the factual and the verbal. Factual conventionaliza- 


tion oc 
cu i i 
Closely 2 tna issues of fact or meaning are altered in such a way as to accord more 
veryday experience. In the present material, it is well shown in the reversal 
A and the frequent substitution of 


Of ro) 
‘ae als the cook and the children in Passage 

is distorted bog in Passage B. Verbal conventionalization occurs when information 

us the omis a result of its reformulation in accordance with current linguistic usage. 

of words (" sion of “table” in Passage A almost certainly derives from a preferred form 

prepare the breakfast" or "lay the table") and not from inconsistencies of a 


actua] 
order. Although the conventionalizations of fact are the more dramatic, the 
merit further exploration. 


Possibiliti Asians 
i ities of distortion due to formal linguistic usage certainly 
Teflect ES it may be stressed that the changes observed in these reproductions 
Tevity of € processes of reorganization in perception and recall. Omission and increased 
reproduction with increasing length of material can certainly not be attributed 
merely incidental 


O passi 
ive ý : Seen 3 
Ource of decay; nor can conventionalization be treated as a special and 
both abstraction and conventionalization are to be 
i is the process of repression 


Tegar 
Postuied. di dynamic processes in prec 
RO more th; SE Freud. Indeed it may be hazarded that Freudian “primary repression” is 
It is Subje an a special case of what we have ca 1 by omission and that 
th setis EE to the same principles as govern memory- At all events, 
theory of character of immediate recall demands recognition by al 

memory, more especially, perhaps, by those whose approac 


Way o 
f Cem 
communications theory (cf. Oldfield, 1954). 


Bang REFERENCES 

Omury T, F. C. (1932). Remembering. Cambridge Univers; 

of cu daa R. (1952). ''Recallasan abstractive process." 
OMUL; J 

Loris. KI, B. R. (1956). “Recall as an abstractive process." 

pie C: "M i the theo 
Sychol., 45, uus Memory mechanisms and the ry 
rho performed these experiments, 


plam i 
kings S Breatly indebted to Dr. B. R. Gomulicki, w 
1 permitting me to make use of his material. 


ity Press. 
D.Phil. Thesis, University 


Acta Psychol., 12, 77-94- 
of schemata." Brit. y. 


for his 


CORRIGENDUM i 
stants ø and K” by A. 


Zaj “Ex i " burg" n: 
j Xperimental i of Luneburg’s Co 
cake al Determination a E s 3. case of Observer T.K, A = 118 
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? às misprinted); in case = Observer H.S., a’ = 0°86 (not 3:86). 
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ANNOUNCEMENT 


New Subscription Rates 
for the 


QUARTERLY JOURNAL OF 
EXPERIMENTAL PSYCHOLOGY 


The subscription to the Quarterly Journal of Experi- 
mental Psychology has remained at 30 shillings per 
volume since it first appeared in 1948. Since then, 
however, costs have risen steadily, and a revision of 
rates is now necessary. The new rates, which will apply 
to Volume IX and thereafter, will be as follows :— 


Ordinary Subscription per volume 
of 4 numbers .. T .. £2 10s. Od. 
(post free) 


Special Subscription for under- 
graduates and graduates of less 
than three years standing per 
volume of 4 numbers .. .. £1 5s. Od. 

(post free) 


After December 31st, 1956, the cost of any single 
number will be 16/- (post free) and of any volume; 
£2 10s. Od. (post free). 


en ee ae 
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SUCCESSIVE RESPONSES TO SIMULTANEOUS STIMULI 


BY 


D. E. BROADBENT wa 
From the Applied Psychology Research Unit, Cambridge 


Previo! . 
half the ae work had shown that, when a memory-span experiment is performed with 
o Bee paisa presented to one ear, and half simultaneously to the other, a certain order 

ems ron. aa Either one ear or the other is dealt with first, and then the remaining 
and the ear "M a response afterwards. The present results extend this finding to the eye 
Characterj rather than the two ears, and also to two voices distinguished by their frequency 
istics. For the latter condition, it is also shown that alternation of attention can 


take 
l 
Benel oe ata speed faster than between the two ears. The effect thus appears to bea 
ne, and not merely a peculiarity of binaural hearing. 
I 
INTRODUCTION 


Eos ie n recent investigation on another topic (Broadbent, 1954) a finding was 
Stimuli à " deserved further work. This finding was, that if two different series of 
they cold t applied at the same time each to a separate one of the listener's ears, 

nt actus Pemi elicit responses, but would do so one after the other. In the experi- 
à di erent ly reported, a set of three digits such as 713 were applied to one ear, and 

as eithe set such as 256 applied to the other ear. The subject’s natural response 
Tespong ; 773256 or else 256713, but never 721536. Deliberate instructions to 
* te the latter order produced a very low proportion of correct responses 

6 Teg With the former orders. Since, then, all the numbers of one stream 
Citt,  Ponded to before any of the other stream, it follows that the purely mechanical 
Cne qi Y of saying two digits at once is not relevant, as it might have been if only 


igi | 
im hag pre used oneach ear. A delayed digit is not merely delayed until one other 
| c other ear have been spoken. The 


the 
Fig pere 
tu 4 the 


1e extent 
tem is a! 
Perea: ne comp 
Shouetived a (949). The possibility that more mt into his gen t 
" Probably o is supported by Hen A [is theor. holds Ue ee 
ne vate ph not rigorously implied bY "7 more ^ rather that 
pew’ be ; 5 Physically different elements in the 
poe Corte. + ©, Simultaneously. A “mass action pd so cannoli ely to 
"trop. 5X is involved in response to one stimulus, deduction iS OE 
- JY another stimulus, though agam "o 


145 


us can 


146 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


crucial. Mowbray (1953, 1954) provided evidence that, when the eye and ear are 
given complex stimuli at the same time, one or other may give rise to response, but 
not both. He had, of course, reduced the opportunities normally present in every-day 
life for rapid alternation between modalities, and his data supported the unitary 
nature of attention. 

But it is probably a false antithesis to suggest that attention is purely unitary oF 
completely divisible. In the effect we are considering, for example, it is clear that 
some mechanism must be involved which can only deal with different items succes- 
sively. If this were not so, the order of the response could be more flexible. Yet it 1s 
also true that some other mechanism must be capable of receiving the various items 
simultaneously: otherwise half the items would be lost for ever. Such a compromise 
is perhaps to be expected from a nervous system which is known to have specialized 
parts and yet operates as an integrated whole. It is, therefore, of interest to fin 
whether this preferred order of response occurs only with binaural presentation or 
whether it applies generally to simultaneous stimulation. 

The ears might well differ from the eyes by having some temporary storage system 
which allows this effect to appear: and it might also be that the effect is connecte 
with the division of the cortex into two hemispheres, in each of which one ear produces 
greater activity than in the other. Before drawing any general conclusion about the 
mechanism underlying successive response to simultaneous stimuli, it is necessary tO 
vary the sensory channels employed: and this is the purpose of the present paper. 


' 


Il 
EXPERIMENT I 
EYE AND EAR 


The first variation studied was the use of eye and ear as the two chann 
simultaneous stimulation. Mowbray, as has been said, found that informa 
delivered to one of these senses was neglected if information from the other ie 
simultaneously being used. The experiment was intended to find, firstly, whet -" 
Mowbray's conclusion still holds with rather different material. Secondly, if respon 
to simultaneous stimuli proved possible, was it carried out by delaying all the inform 


tion on one of the sensory channels? 


els of 
tion 


(a) Method. wat were 
The same task was used as that employed by Broadbent (1954): namely subjerediat® 


presented in various ways with six digits and asked to write them down from ogra? 

memory, in any order they chose. Digits presented to the ear came from à Bera as 
tape recorder, carrying two channels on the same tape so that rigid synchronizate ated 
preserved. The head-phones employed were S. G. Brown Type D.1. Digits P ich the 
to the eye were typed with an Imperial typewriter, élite type, on a paper belt hir could 
subject could see through a slit at his own comfortable reading distance. The b ated 
be moved suddenly, to bring a new portion of the paper into view, by a ra 
by the experimenter. The latter wore a head-phone and took the time 
from the recorded auditory presentation, even when the subject was T iis 


aper iud lw t^ 5 
Panal signals. Thus the timing arrangements were similar for all conditions. the ex 6 
of synchronization is, of course, crude, and restricts the results available from tIb fo’ 
ment to those given below. Time measurements of the type given in Exper x 

a 


instance, would be quite unjustifiable. ptio? i 
Group I (12 subjects) received four different conditions, namely, straie d vise 
auditory and visual memory spans as controls, a simultaneous auditory a jn Ut 
presentation and a binaural presentation of the type used by Broadbent (ro tesively. ed 
auditory condition all six digits were heard on the right ear only, spoken ee e 
the rate of two a second. In the binaural condition, two different digits ME Y 
simultaneously, one to one ear, and one to the other. Another pair fo. owe 
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se j " y 
d oes a third pair. In the bisensory A condition, two digits were presented 
a eee y, siete the right ear and the other to the eye. Another pair followed after 
Eicsented te nee "E ena third pair. In the visual successive condition all six digits were 
Nen A pope at the rate of two a second. Each subject received five 
described and ee m Tl ape d d the individuals receiving them in the order 
digits eM presentation in Group I was somewhat artificial, as it is unnatural to watch 
which pidly appearing and disappearing, and a second group was therefore tested in 
a a more usual visual display was employed. 

RA A (z subjects) also received four different conditions. Two of these were visual 
Peed d auditory, just as in Group I. A third, however, the visual simultaneous, 
thesis V pip hr of all six digits together, typed in a line: they remained visible 
risual eae € length of time as that taken to present the whole series in the auditory and 
in which £ enve conditions; namely three seconds. The fourth was a bisensory B condition, 
D evented ree digits were delivered successively to the rightear. Three other digits were 

Š ed visually all together, appearing as the first auditory digit was spoken and 


Isappearing as the last was completed. 
h of these conditions; the experiment was 


E : A 
mach Subject received ten lists under eac 

over two days, on one of which the visual successive and simultaneous conditions 

were given. Half 


Were gi E 
B cm while on the other, the auditory and bisensory B condition 
con dition, i3 received each day first; within each day five lists were given under one 
lig e en ten under the other and finally, the remaining five of the first condition. 
jects were naval ratings, and none served in both groups. 


TABLE I 


PER CENT. CORRECT IN THE VISUAL-AUDITORY EXPERIMENT 
(EXPERIMENT I) 


Condition Group I Group II 


Auditory .. s à xa 92 90 
Visual Successive .. vs 60 
Binaural 62 


Bisensory A . i à i 7 


Visual Simultaneous 
Bisensory B 


(«) Results, 

T H * " 
TER € number of cases in which all six digits were correctly reproduced is given 1n 
consid as a percentage of presentations for each condition. It is obvious that a 

c erable degree of success is achieved in the two bisensory conditions ; our first 
sti USion is, therefore, that the eye and ear can to some extent receive different 


Uli simultaneous! ` 

y. : . : 

all t ay this adequate response to s is achieved by DNE 

Orma f ormation on one channel. Whe: MAL oh de 

ther ins all three digits presented by on efor E ird 
E In only three cases out 0 y other 


imultaneous stimuli 
n all six digits are correc 
e sense to be written down 
f 160 correct responses Was an 


at this phenomenon is peculiar 
her the delayed information 1s 


to bi © must therefore abandon the possible view th 
h is associated only with the 
LI 


alwa Rural hearing. The next point at issue is whetl 
tar 2S that presented to the ear: is there a store whic 
y, In fact. with other senses? 
© unis. Ct this does not seem to be so, as t 
ersally the one delayed. In genere 


o tendency for either sense to 


re was n 1 : 
i ject had his own consistent 


] each sub 
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preference for giving the eye or the ear first, but in each group only half the subjects 
gave the eye first. 

A last point concerns the relative efficiency of bisensory and orthodox means of 
presentation. In the earlier paper it was argued that memory proper was as adequate 
in one case as in the other. Admittedly the binaural condition gave a lower proportion 
of successes than the auditory one, just as it did in Group I of the present experiment. 
(Seven subjects show the effect and none reverse it, so p <o-o1). But it was also 
argued from a control experiment in the previous paper that this loss of efficiency 
was not in the storage but in the intake of information. The present results support 
this argument, since there is no evidence that bisensory performance is any Worse 
than orthodox presentation. In Group I, Bisensory A gives about the same as the 
mean of auditory and visual successive. It is worse than auditory alone (though not 
significantly) but this is probably because of the unnatural nature of the visu: 
presentation. In Group II it is demonstrated that visual successive is really inferior 
to visual simultaneous; all subjects show the effect, so p <o-o1. Bisensory p 
actually superior to the mean of auditory and visual simultaneous: this difference Is 
significant (t = 2:31; at 0-05 level ¢ = 2:20), but must be regarded with caution. 
might be due, for example, to the artificial upper limit which is set on auditory 
formance by the highest possible score. At least, however, it is clear that the two 
senses together are certainly no worse than either alone, and the argument put 
forward previously for the binaural case is therefore supported: provided measures 
are taken to make the two sensory channels distinctive, small amounts of informat io 
can arrive simultaneously by two channels with as good a chance of being perceive 
as if they arrived: successively. i 

It should also be noted that this high level of efficiency in the bisensory B condition 
can hardly be ascribed to alternation of attention, although the opportunities for suc 
alternation seem greater than in bisensory A. All responses in this group gave 2 e 
sensory channel completely before beginning the other; it is likely, from the evidents 
of the next experiment, that the time intervals allowed were too short to allo“ 
alternation. 


per- 


III 
EXPERIMENT II 
HIGH AND Low FREQUENCIES er 
Instead of using the two ears as separate sensory channels, it is possible to pe 
two messages through the same loudspeaker, but to remove, say, all the ui ‘ier? 


other, just as natural differences in voice are (Broadbent 1952). Voices ma. e ave 
iJ ns wi to 
t 


po of 
f filtered V7 qne 


In addition, high and low frequencies produce activity at neighbouring points pe 
a hemisP of? 


ice 


different hemispheres. This hardly seems possible when different auditory S 
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are used a: 
Fics ded en — channels, and a demonstration of the phenomenon with filtered 
E ome its ipee à The same general type of experiment was therefore 
E oy si ightly and markedly distinguished by filtering. 
Etui "e also be be investigated using filtered voices. In the earlier 
Een bud A: Ee a voice had been selected for response a certain length 
ES nr: su ^ o shift to another channel. The technique adopted to establish 
rodus da n € of digits under the binaural condition, with instructions to 
«o bets one te e actual order of presentation, i.e. writing down the first digit 
difficult indeed efore the second digit from either, and so on. This task was very 
eed when digits were presented at a J-second rate or a 1-second rate, but 


-€asier at a 11- i 
à 1]-second rate and possible for almost all subjects at a 2-second rate. The 


Underlying ar, ; 
ate 1 ids a of the experiment is that reproduction of material from immedi- 
Tequired ij an v : easier when required in the order in which it was heard than when 
Téproduction PAR er order. Consequently when the effect of a particular order of 
Büppose that the ge as a function of the presentation conditions, it is reasonable to 
Éfieshows that ma erial is being heard in a different order. The experiment quoted 
a shift to the cdm time of 11-2 seconds is required for the analysis of a spoken digit, 
D aros er ear and analysis of a second digit, and a shift back again. But does 
ary when other sensory channels are used? 


la) Method. 

One 
of which the ee naval rating subjects was employed, and received four conditions 
rst two are intended to show the effect of different degrees of filtering. In 


the rj 
ight wh 
ight cut conditions, the same tape recordings used for the binaural condition of 


-Xperim 3 $ E 
digi ent I were mixed into a single loudspeaker. The subject thus heard a pair of 


lts s Oki i 
Pair, add the rae id through the speaker, followed half a second later by another 
thing, one in y a third. All digits were spoken by the same male voice, but before 
the spectrum €— was passed through a high-pass filter which attenuated the parts of 
z quality to i ow 225c.p.s. One digit in each pair, therefore, sounded slightly different 
Ubject hoes e other. Instructions were to write down all six digits in any order the 
n the sha; ens . 
of th e Praia cut condition, the high-pass filter was set at 1 ,280 cycles, all other features 
inguished a pd the same. The two digits of each pair were thus more sharply 
ity. 
e ot S T 
her two conditions were concerned with comparing the time taken to shift 
binaural shift condition, the 


i i 4 

On with binaural and filtered presentations. In the 

repeated; binaural presentations of six digits, 

to write down the digits in the actual order 
iven at a 


attent 
Xperj, 
three Ri ne Broadbent (1954) was exactly 
ta atriva], s Ane were given with instructions 
X Os oe a practice presentation three such presentations were then g 
i second” s of digits every 2 seconds, three at 1} seconds, three at 1 second, and three 
ing, the k 1e same four sub-conditions were then repeated in reverse order. 
St ction pectral shift condition, the same recordings were presented with the same 
GE thro? but both channels were mixed into a single loudspeaker. One channel was 
ligit, ip "Tough the high-pass filter at the 1,280 c.p.5- setting before mixing, so that the two 


the the Anes pair differed in their spectrum. p 
Bro, Con, rage were tested each on two successive days. To rotate the order of a 
Exp seer, the group was divided into four sub-groups of three subjects each. Sub- 
tug iment eee on the first day five presentations of the type labelled auditory m 
cong d anot followed by five under the sharp cut condition, then five under tho ight 
cup ion Other five auditory presentations. They then received the pinnaa = 

Bst nd sli On the second day, they repeated this sequence with the order of the $ pap 
Cogqee. Eht cut conditions interchanged, and with the spectral shift condition ES 
Agh tions ae “group B received the same sequence with the binaural a per ae 
Segue and sh erchanged. Sub-group C received the me eei quo) es 

ditions interchanged. : 

fhe filters were designed and built by 
per octave. 
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TABLE II 
PER CENT. CORRECT WITH VoICES DISTINGUISHED BY SPECTRAL FILTERING 


First Condition 
Whole Experiment of each Subject 


225 | 1,280 | 225 


One voice bass cut at — .. s ..| 1,280 c.p.s. 


Digits mixed up in response aa 3 


Two voices distinct in responses. . 


Auditory for same subjects 


TABLE III 


PER CENT. CORRECT AT VARIOUS RATES OF PRESENTATION 
WHEN SHIFTING ATTENTION BETWEEN Two CHANNELS 


Presentation 


Binaural 


Spectral 


(b) Results. 3 
We may consider first the effect of varying the amount of cut, which gives a 
support to the view that one channel becomes more likely to be delayed a5 sis 
difference between the channels increases. The percentage of correct responses. 
shown in Table II, separate data being given for responses in which 
from one channel was written down before any from the other. It will be not af 
the total number of occasions on which all six digits were correctly recorded i5 E. y 
the same with either degree of filtering, but that there appears to be a sligl order 
for the sharp cut to give a higher proportion of these correct responses in. for the 
already found for binaural and bisensory presentation. The pooled results ees 


entire experiment are difficult to interpret, as on analysis of variance one ofthe rently 


of freedom between the sub-groups of subjects was found to be significant: app? then 
subjects who adopt one mode of performance on their initial condition 9: 
apply it to subsequent conditions. 

Consequently Table II also gives the results for subjects o ds 
(ignoring auditory runs) where there are no effects carried over from prex ct of 
ditions. In this case, the difference becomes even more striking: all the sub) e tW? 
the sharp cut condition show less responses given in a mixed order from of pe. 
channels, so p «0-05. Only one of the slight cut subjects shows this ers . Thé 
formance, giving a total difference insignificantly in the opposite direc actin€ a 
difference between the two conditions is significant, p <0-05, on cons d 

j i aG. 
2 x 2 table for the subjects showing each type of performance. aiy filtering M 


Thus on naive subjects and with two voices sharply distinguish while wit p 


ay occur 


ns 
. e TU 
n their first fiv con 


certain frequencies, the now familiar phenomenon seems to occur; 
marked filtering some alternation or confusion of the two channels m 


 ——— ee a Scc iii 


SUCCESSIVE RESPONSES TO SIMULTANEOUS STIMULI I5I 


transfer effects are not clear and so experienced subjects may not show these differences. 
This moderate effect is somewhat to be expected if successive response to two channels 
Tequires the channels to be separate: even the sharply-filtered voice shares more sense- 
organs with its partner than does a voice on one ear with a voice on the other ear. 
Owever, it is clear that our phenomenon may appear with filtered voices and so is 
Probably not an effect depending on the distinction of the two hemispheres. 
On our second point of interest, the results on the time taken for shifting attention 
are shown in Table III: they indicate that shifts between two voices distinguished by 
tering can be made more rapidly than can shifts between the two ears. As in the 
Previous paper, efficiency under the binaural condition increases as the rate of 
Presentation slows down, reaching at 2-seconds roughly the level attainable when the 
paver of reproduction is not controlled. The same improvement appears in the 
Recta shift condition, the differences between the 2-second rate and the -second 
ate being significant (¢ = 2:38; at 0-05 level, £ = 2:20). But with the spectral shift 
* performance at fast rates is more effective than with the binaural shift: for the 
a faster rates together = 2:23. The 50 per cent. level (which corresponds roughly 
the Performance attainable under uncontrolled order of reproduction) is reached at 
Seconds instead of 2 seconds. 


IV 
DISCUSSION 
T is probable from the results of these experiments that temporary storage of 


Tmation in one sensory channel is possible with a number of different senses, and 
oy it is not peculiar to the binauralsituation. It may, however, be replaced by 
- nation of attention or confusion of the two channels if the sensory cues associated 
COnfusi e two channels are not very distinctive. It seems likely that liability to 
ie IS associated with the possibility of rapid shifting of attention, so that 
tasks nt methods of presenting messages to a listener may be appropriate for different 
Tapig] wo messages distinguished by filtering may allow the listener to alternate 
A big y, but confusion is more common than with a spatial separation of messages. 
in ensory distinction, one message to the eye and one to the ear, is the most effective 
9) ‘cia results, presumably because of the lack of perceptual confusion: a notable 
bet: ee in the present data is the measurement of the time taken to shift attention 
is foa the ear and eye, which was beyond the scope of the apparatus available. It 
idi to determine this value at some later date. 
Senso. 5 apart from the minor changes which may be produced by altering the 
to SL Channels used, however, this mode of response to simultaneous stimuli seems 
es à general one. Mowbray was perfectly correct in emphasizing that some 
his Em the nervous system are incompatible and cannot occur simultaneously; 
Ponte Periments isolated such processes, both by using material of high DT 
be Ore and also by inserting neutral irrelevant stimuli on the same sensory een 
Ant; 22d after his relevant stimuli. (The latter factor has been shown to be impor $ 
Patib SXperiments as yet unpublished.) But in addition to these mutually ARUM 
Must ; Processes there are others which may occur simultaneously, and n 3 rus 
Nin he present case be regarded as ying cari in the cain ef eens PE 
Sach a Sand response. The information enters E ow Pis i khosq UV 
3 delay syan aeria 2 ere hes eMe ex i immediate memory. 
SY System is related to more familiar problems 01 1 


i h, and thanks 
Ste d Work was done under the general direction of Dr. N. H Mae tines 
to the Royal Navy both for supplying subjects and providing q 


Cert 


ti 
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DIFFERENT THRESHOLDS FOR RECOGNITION— 
FURTHER EXPERIMENTS ON INTERPOLATED RECALL 
AND RECOGNITION 


BY 


HARRY KAY and RICHARD SKEMP 
From the Institute of Experimental Psychology, Oxford U. niversity 


aig ree experiments are described which have attempted to identify some of the 


meg in recognition after interpolated recall. In the first, complex picture material 
they + pane though subjects were able to recognize the original after interpolated recall, 
Some Ta Hr fact recognize fewer items. This posed the query, why should the recall of 
showed me depress the Tecognition of other unrecalled items? The second experiment 
Weaker ( TA in recognition the Stronger (correct) memory has an inhibitory eflect on a 
that the a. 8o Correct) memory. The third experiment therefore examined the hypothesis 
+ Of the weuxtaposition of better and worse known items raises the threshold of recognition 
accordi rse known, and confirmed that the threshold of recognition for an item varies 
ng to its context. The theoretical significance of this finding is briefly indicated. 


INTRODUCTION 


have Periments upon the differences and interaction between recall and recognition 
tions ong history, and have aroused both methodological and theoretical considera- 
that ^ e following group of experiments was prompted partly because it was felt 


and „S C XPerimental evidence to date may be "the truth but not the whole truth," 
facts are because certain theoretical issues can be neatly scrutinized when the 


: presented within this framework of initial perception, interpolated recall 
the thi sequent recognition. The first two experiments follow this pattern, and 
T attempts to isolate a variable suggested by their results. 

The m Previous work in this field three different approaches may be distinguished. 
M reco, niti! Stemming from Ebbinghaus, has attempted quantification of recall and 
(x 1 lon and has been interested in methodological issues. Hollingworth's paper 
the Pre uh’s work (1922), and more recently Postman's (1948) are in this tradition— 
and t Sent Such findings as that much more material is recognized than recalled, 
9t holg cen which are recalled are generally recognized, though the converse does 

b Gesta] lat recognized items tend to be recalled. A second approach is represented 
Memor E theory and its postulation of progressive autonomous changes in the 
ally d Tace. This work, culminating in Koffka's (1935) contribution, is experiment- 
Hep gi ed by Zangwill (1937) and effectively criticized by Hanawalt (1937) and 
Which i “Cord (1945). Thirdly there is a large and interesting group of experiments, 
aalit E.t be said to represent “Variations on a Theme by Bartlett'— these are 
the simi]. Studies 9n the merging of experiences (e.g. Davis and Sinha, 1950), and 
Xperin tY of various influences upon both recognition and recall. It was an 


Tim, y A 4 c ] 
Present i third group by Belbin (1950) which was the starting point for the 


"rom 


ost 
Prey, tan (1948) has shown that, as the layman presumes, recall is better after 
“cognition, and also, as the layman does not presume, that recognition 
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tends to be worse after recall. He attempted to explain this on a “minimal strength 
of association” hypothesis, such strengths differing for recognition and recall. Belbin's 
experiment was a striking illustration of this influence of recall upon recognition. Of 
twelve subjects who were shown a newspaper picture with one central incident and 
were then asked to recall it, only two could subsequently recognize it. Of twelve 
other subjects who were not asked to recall it, ten correctly recognized it. The author 
discussed her findings on Bartlettian lines—recall introduced erroneous importations, 
related experiences were responsible for the insertion of errors, etc. In preliminary 
studies we used similar news illustrations to repeat the experiment. The results with 
five groups of subjects—in all over sixty subjects—tended to confirm Belbin's results. 
None of our results was so striking—the tendency was for half the experimental group 
to recognize and half not to do so after any interpolated recall, but this compared 
strikingly enough against control groups in which few had any difficulty in recognizing 
the original. The features noted by Belbin were influential, but there were others 
which brought out the complexity of the processes. For example, as noted by 
Claparède (1911) and by Koffka (1935) it was not infrequent for the recall of some par 
of the illustration to be wide of the mark and yet for subsequent recognition to pe 
correct. One of our subjects recalled a picture of a cattle show, with tractors i 
as a picture of a motor show. When later confronted with the original he recognize 
it instantly, agreed he had recalled it as a motor show, but commented, “You canno 
fool me now." idi 
Belbin had concluded that it was likely that “the amount of correct detail hr: a 
a subject is able to recall is less important in determining eventual identification 9; 
the original material than the number of items he erroneously imports in his effo ck 
Certainly importations played their róle in her experiments as it had in previous Ries 
(e.g. Zangwill, 1939), but on the other hand both in our pilot studies and in v vas 
the experimental picture material was concerned with one central incident. fore 
possible that this kind of material favoured the above conclusion and it was there ; 
decided to carry out an experiment with material where many incidents were depi¢ nse 
Picture material was used rather than a set of disconnected items such as n9 E A 
syllables since we wished to know how far a subject might accept or reject me 
as a whole while perhaps making some reservations about the constituent indiv! 
items. 5 
+ Method yater 


to con jctut® 
names and show an area 7 in. x 8in. The experimenters li items from the Pr up 
P s listed 30 gr 


of subjects had been able to recognize immediately after presentation. £ 

The experimental design was as follows:— test 
ition 

Recognitio latet) 


Experimental Group .. Presentation of Written recall 
Picture (40 seconds — (ro minutes later). (40 PIPI turer 
exposure), i oP a ue? 
ii 30 nnaire- 
pitte 
Control Group .. s Ditto — 


eth? 
In the recognition test each subject was shown the original and asked tO say ach 1 
it was or was not the same as he had been shown previously. After deciding, whet pe 
handed a questionnaire in which the 30 items were listed and he was asked to Jongside qe 
he recognized them. He identified these items from a key illustration placed 2 gre was 
same picture as used in the recognition test. He was not told whether this pie 
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apna. After filling in the questionaire he was asked to write any comments upon his 
_ Judgments and whether he wished to change his original decision. 


Subjects 


ante eres subjects in the experimental group and 15 in the control. They were 
a po university students, and students attending a W E.A. Summer School, whose 
nges were from 20 to 6o. There were slightly more men in each group than women. 
cupied © the intervals between presentation and recall and recognition all subjects were 
engaged In viewing a rotating trapezoid and making judgments upon it. They were fully 
B during the period and were not aware that it was not part of the actual experiment. 


Recall RESULTS 


EN ate Tshows that the experimental group recalled in all 153 items out of a possible 

Wo © mean being 7:3 items (approximately 24 per cent.), and the S.D. being 2-45. 
Peri Points are of note, F irstly, in spite of seeing the picture for a relatively long 
total, 49 Seconds—the recalled items were only a small proportion of the possible 


but à did not seem that subjects had a clear memory of many separate incidents, 
Scene ae Impression of fun and gaiety. They all mentioned that it was a park 
9f it, many elaborated on the Saturday afternoon or Bank Holiday atmosphere 
TABLE I 
Rrcarr Scores or EXPERIMENTAL Group. (21 subjects.) 
Correct Recat: 
Total number of items (possible total 630) 153 (24:3 per cent.) 
y Mean number per subject .. T "E 728 
SD. ., sis T as 245 
INcorrrcr RECALL: 
Total number of items. CE ii 41 
umber of subjects making no errors .. 2 
S j ere Wi 
à tota) y, recall of individual items was by no Du ec Eod ee 
E © picty 41 wrong items, of which 20 were mis aus h might have veenibat m 
Tseng a f pyents wile? Ps 
Wo Aj i. 21 Were partala of event l wie url, P pon aid 
fete king CPE two of the 21 subjects ha females in the Pic 


A ic e 
à es in the there Wet 
3 aystack” for the willow tree; n ying with a ball w carrying 


i tw i F haban ag 
On 9 children on ponies for one; boys Lape a pole" (o he tramp on the 


b : p 
Pay, "a ['bject alone mentioned “six men be REA bedstea of laughing 
+ "hij; bene) 7e man uncomfortably asleep 0n AB HOY row to a queu* 9 with two 
iden) and “a m dan f ing from & barro p and his ease re qo 
Rte, 22 import cipue ired by the art? subsequen fal t th 
o Eni loo in Ttation, but possibly mm does result in spected to rejec 
W materjal iO). H Het d might have been €? 
: any of these subje 
e 
tion ginal ; 
att j jed to 
the Pe r : jects t 
te, te [TU pia F ubje ?) but 
ian cong rition test of the ax experimental P goth su fhe same”) bà 
s to the p every one affirmed it was m ilar (“90 per t studies 
On ppe detail insisted that it was Vey ge of our own Pil? 
€ face 7 Vere changed. derably from tho 


1 fit this result differs consi 
r 
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and of Belbin’s. Here, with complex material, though only a proportion of items coe 
be recalled correctly, there was still a sufficiency of features, either general or individual, 
for the original to be recognized. One striking difference between this study an M. 
pilot experiments with simpler material was that subjects obviously did not sk a 
be able to recall or recognize all of the complex material. They had lowered t. e 
standard. The experimental group was more prepared to accept details which d 
not been recalled. The larger number of items reduced the contribution of each 
the whole, both in the initial perceiving and in subsequent remembering, and lowen 
the significance of an importation in recall. It appeared that a subject was prep 
to say it was the original when there was a sufficiency of recognizable items W E 
together conveyed an overall feeling of familiarity. This general impression " » 
obviously important to subjects, as we noted of the written recall. Subject p 
commented in his report after the recognition— "I do not think any one of e. 
details was particularly important, but they all added up to certainty. 1 ntl 
recognized the statue and the kite which I had forgotten at the time of recall. ees 
was surprised that the rowing crew carrying boat, were carrying a boat. I jene a 4 
them just as bathers with pink skins, and not with striped shirts. Had there b 


more surprises of this sort I might have been less certain." This comment exse as 
r 


red to 


the point; the subject had in fact recalled the rowing crew carrying thei 
"a row of pink-skinned people on a sort of diving board," but was prepa 
reject this striking memory because of the wealth of contrary evidence. 


Recognition of individual items 


: i : . , à in front 
Subjects were presented with the list of 30 items and, with the peni we 
of them, asked to score how many they recognized. They did not know W 5i was 
was the picture which they had originally seen. Table II shows that there 
TABLE II 
RECOGNITION SCORES —À 
-— ry 1 Group 
Experimental Group Control € 15) 
(21 subjects) (15 subse? 
t 
per cent. per een 
Recognition of 30 items (mean)  .. ss 43:5 gae 
Recognition of recalled items or equivalent 80-6 
10 items for control group id 24 88-2 s 
Recognition of non-recalled items or equiva- 60 
lent 20 items for control group .. i 29:1 5 
; No 
Recognition of picture as whole .. ..| Yes No E d 
19 2 
Es hh LLL oo ee 


5, 
marked difference between the number of recognizable items in the two [a The? 
43:5 per cent. for the experimental as against 64:2 per cent. in the CUNE g expos 
figures seemed worthy of further analysis. Of the 153 recalled items 1? m ar? 4 
mental group 135 (88:2 per cent.) were recognized. In order to 
with the control group where there was no recall, the recognition Scores d 
and the ten most popular items selected. As would be supposed. pex. ete 4 by 
obvious items such as the path, the lake, the tramp asleep on the a recalle 
recalled much more frequently than others. All the ten selected wet 


d our 
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More than half 
f the subj i i 
EN alan so of the subjects in the experimental i 
adi ese group. On theseit 
Ee eat ao e nd 121 out of 150 (80:6 per cent). The m teret c) a. 
(HESE: that e el recognition to the other 20 less popular items. E pm 
Si imental group recognized 168 out of 300 (56 A 
(29-1 al group over similar items whi d eet bn 
BE per cent), Tk s which were not recalled scored I 
Pi enouet DE would appear then that whilst the experi ed! 
l : l e experimental 
and in fact Lok ener items they recognized few which iey had felled io any 
antly fewer than did a control group over approximately identical 


items, 7 
- The questi 
]uestion to be answered was, why should the recalling of some items 


depre: 
Ss the re i 
cognition of others unrecalled? This was obviously a question of some 
re designed to offer 


eoretical i 

im 

Some Um e dir qe Fa the second and third experiments we 
. iscussion will be deferred until after the results of these 


e t 
Xperiments, 


Experiment IT 


This INTRODUCTION 
and tl i ; 3 
he following experiment had their beginning in an attempt (here briefly 


Teported) to j 
n o investi 
eu upon cs ne the effect of an increasing number of errors in the interpolated 
a main details were recognition. Outline faces were shown in which variations of 
k raight, the nose f permuted: the ears being flat or round, the eyebrows arched 
pre Ten such E 2 rmed of two dots or of two lines, and the mouth in five different 
s 34). hdc ate were shown briefly to the subjects (27 school-boys aged 
P p Deom y after the individual presentation they were asked to draw five 
on view of the diffi oe the other five they merely observed. Without interval 
Binally (bed of the material) there followed the recognition test. Theten 
A jects asked to aces were shown randomly mixed with ten new ones and the 
Ti say if they recognized them. Chance guessing would have given a 


e of 50 
per cent. In fact they scored as follows :— 


TABLE III 
Pictures observed and— aie d 
not recalled .. "S : p 
correctly recalled — .. ¥ z 3 
x recalled with I error.. =e i à 
recalled with 2 errors sà : : 3o 
w 2 


ES lt seemed recalled with 3 or 4 errors + 
NM elow p recall with more than one error had depressed the recognition 
Origin, nterpreting dies tae: The effect could have been explained in more ways than 
Vers; al memory | i ong the lines of Bartlett's schema, it would appear that the 
| bii 10n was th had itself been modified by recall and that the resulting inaccurate 
ereafter the only available criter Another possi- 

olated recall, but 


ted with that of the interp 
ivity by the subject, had 


thesis, it 


th Y Was th 

| e at igi 

5 l dt. bein the original memory coexis 
g more recent and having inv 


Wi 
Won 4T thres 
jo vin, Seem "est It was therefore used as criterion. 
ed, and the a le that in favourable circumstances the earlier memory could be 
ollowing experiment was designed to test this. 
METHOD 
familiar names. Lists A 


d, each containing 15 s 
tive which was read out twice to the subjects. 
asked to write down as many of the names 


re then collected. 


F 
Ang our fi 
i w ists, A, B, X, Y 
Were j a h 2 , were prepa 
ag {htdiately after the pr ina a pO a 
Y could reca this presentation they Were 
call. These "recalled lists” we 
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After an occupied interval two consecutive recognition tests were performed. Each 
used half the originally presented names (i.e. only list A or B) randomly interspersed with. 
an equal number of new names (list X orlist Y). For the first recognition test, hereafter 
called “isolated,” only the mixed original and new names (i.e. list AX or BY) were read 
to the subjects. For the second, hereafter called “in narrative," the names were presented 
in the narrative with the originals (either list A or B) placed in their correct context and 
the new names (list X or Y) replacing those from the omitted list. 

All this was done initially with two groups of subjects, using for one (group Ia) a 
10-minute and for the other (group IIa) a 25-minute interval. This design made it possible 
to investigate the effects of a second variable which might affect the use of the original 
impression as criterion, namely length of interval between recall and recognition in 
addition to restoration of narrative. It will be seen that with this design each group was 
acting as its own control. 

When both these factors were present, the results were sufficiently striking to make it 
seem desirable to confirm them by a repetition of the experiment in exactly the same form 
with another group of subjects. These are here called Ib (10-minute interval) and IIb 
(25-minute). The two sets of results showed good agreement, and are given in Table IV, 
together with the combined scores of both sets of subjects. Group Ia and Ib are combined 
as group I, and groups IIa and IIb as group II. In view of this close agreement, we may 
hereafter confine our attention to the combined scores. A chance score would have been 
50 per cent. 


Subjects 


The first set (groups Ia and IIa) consisted of 27 schoolgirls aged 12-14. The second 
set (groups Ib and IIb) were 30 schoolboys aged 10-13 at a different school. None knew 
the purpose of the experiment. 


RESULTS 
TABLE IV 
Subjects 
Ist set 2nd sel Combined 
Ta IIa Ib IIb I us 
(io-min.  25-min. | (xo-mim. 25-min. | (10-min. 25-min. 
interval) interval) interval) 
Recognition when nt 
isolated: percent. percent. | per cent. percent. | per cent. per ce 
of those recalled sa] 300 98 98 93 99 95 
of those not recalled .. 64 62 65 65 65 63 
Recognition in d 
narrative: i 5 
of those recalled s 39 -96 97 95 98 H à 
of those not recalled .. 57 OI 61 82 60 


5 z the 
Significance.—For the non-recalled names in the narrative the difference betw een 


60 and 86 per cent. scores is significa at the o-or level of confidence. 


Discussion a j gm 
The interest in these results centres around the non-recalled names; 2 ritis 
initially presented to subjects but omitted by them from the recalled list. od 5 


improved recognition of these which we should take to indicate revival of the 


impression. ! 1 r d pot 

E? will be seen from Table IV that for “isolated” recognition items which banat 
been recalled were recognized approximately the same with the 10- and T reviots 
intervals (65 to 63 per cent.). This result agreed well enough with those © ^ ter fol 


experimenters. After ro minutes the recognition scores were, if anything, 


— —— 


| 


E 
| Eroup prelearn list A 


_ Rew effect does not. 
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those names presented in isolation than for those in narrative. But unlike the isolated 
names there was considerable difference between the recognition scores for the names 
in the narrative after ro- and 25-minute interval—6o per cent. recognition after 
Io minutes and 86 per cent. after 25-minute interval. Thus 26 per cent. of the non- 
recalled names could not be recognized with a 10-minute interval, yet were recognized 
after one of 25 minutes. It had now been shown to be possible, as the second 
hypothesis had supposed, to revive the original memory. That this took place with 
the longer and not the shorter interval was surprising, but further supported the 
hypothesis. The “reminiscence” effect could only mean that such memories were 
never wholly absent, but that some factors or factor made them in the first instance 
temporarily unavailable—a factor operating more strongly with the shorter interval. 
. If the obvious line of argument is now followed, that the interfering factor was the 
Interpolated recall and that this was relatively weaker after the longer interval, there 
isa further problem. We cannot in this experiment suppose interference by incorrect 
Tecall, as was possible with the experiment outlined in the introduction and in earlier 
Work (e.g. Belbin, 1950): for the recalled list, which we are supposing to have been 
interfering with recognition of certain names, did not contain these names. One thing 
Seems clear, that whereas the effect of an erroneous interpolated recall does admit of 
an explanation by the hypothesis that the original memory was thereby modified, this 


Accepting therefore, as a working hypothesis, that the effect indicated by the 
Comparative scores for recognition of non-recalled names (an increase from 60 per cent. 
With the shorter to 86 per cent. with the longer interval) may be explained as a 

Iminution of interference by the interpolated recall, a further question remains. vos 

€ presence of a strong (correct) "trace" have an inhibitory effect on a weaker ( ; d 
Correct) one, as this experiment seems to indicate? It will be remembered tha 2 i 
results of Experiment I also pointed in this direction. Experiment 3 was a frs 


attempt to isolate and confirm this phenomenon. 


Experiment 3 INTRODUCTION "RR 
The hypothesis was formulated as follows :—“That the Uam ^n Dt was 
Worse known items will lower the probability of deris px Some items did 
;'erefore desired to give an experimental group a m Se dut group. On the 
Ist, the remaining items being equally presented to this an: A von the C grofp in & 
*Xperimenta] hypothesis, the E group should score worse 


“cognition test of these remaining items. 
ar names, made 


METHOD ‘i 

Th yas a list AB of 20 fami twice to the « 
up of © Material used for the initial ij er , This was read aA paper 
the E. 


ang ] K 
top, Ski ediately before the reading, the - i $i rning 
teth r. l to earn it by heart. Otherwise both 8T hes would be eum oe intermixed with 
45 k After SE group knew that the pre e ted for recog™ vA of the Dima 15 
jp, ev a IO-mi i allist AB was ei T yere as! 
the lig Pames (list C). The subjects were told that sone, They (al design was 
it tit read out would be given, together pore he ES 
us 5 OF Crosses to indicate recognition oF OF : ee: ro-minute 
Cgi : tion of . interval 
Broup presenta :tion test 
- st AB ecognitio 
list Re list ABC 
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There was no interpolated activity for either group. The main learning task was 
somewhat easier for the E group, since they had only 15 new items to learn instead of 20. 
This factor would operate against the effect predicted by the experimental hypothesis, 
namely that E group would score worse than the C group on list B as a result of the 
presence of the better known items of list A. Thus any result in the direction indicated 


would support the hypothesis. 
Subjects 


The experiment was first conducted with ro adults from a W.E.A. summer school and 
subsequently with 28 schoolboys aged 12-16. No subject had been in any of the previous 


experiments. 
RESULTS 
TABLE V 
RESULTS or RECOGNITION TESTS 


a ce ee 


CORRECT INCORRECT 
B and C 
Lists A B C combined C 
10 Adult Subjects; per cent. | per cent. | per cent. | per cent. per cent. 
Control Group  .. aa 92 88 88 88 12 
Experimental Group ..| 100 76 74 74 26 
28 Schoolboy Subjects: | 
Contro Group  .. T 66 86 92 go 8 
Experimental Group — .. 99 82 8o 8o 20 
Nore: Correct answers to Lists A and B = items recognized. ent 
Correct answers to Lists C — items correctly recognized as not being pres 
at initial presentation. ent 
Incorrect answers to List C — items mistakenly recognized as being pres 


at initial presentation. 


At first glance, these results do not show a very big difference in scores 07 jst P 
though it is in the predicted direction. But what is very noticeable is that the E st p 
mistakenly "recognized" a much larger number of names in list C: with the 2 
subjects, 26 per cent. as against 12 per cent. by the control group, 
schoolboys, 20 per cent. as against 8 per cent. Both these differences a 
significant at the o-or confidence level. Thus over much of the material 

reater uncertainty about recognition. 

It will be appreciated that any increase in the total number of “Yes 
would increase a subject's score on list B. Since the experimental group 
“Yes” more frequently to list C, it is probable that their scores on list 
larger proportion of apparently correct recognitions which were really due th ist 
factor. On the assumption that the proportion of guesses was the same for s by? 
we can correct the list B scores for both E and C groups: reducing these score 

ercentage of themselves equal to the percentage of (incorrect) "Yes" ans 
list C by that group. If we do this, we obtain the following correc e 


scores for list B:— 
Adult subjects: C Group, 77 per cent. E Group, 56 per cent. 


Schoolboy subjects: C Group, 79 per cent. E Group, 66 per cent- 


thes 
hat the results support the experimental hy Pes 


k Sad r p 
an increase in inaccurate guesses or ln the | 


It may thus be argued t 
showing in the raw scores as 
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Scores as a decrease in i iti 
presumed genuine recognition scores (as opposed to 
guesses) by the E group. SE ird 


Discussion 
Air eri would seem to have successfully isolated the phenomenon which 
n. erre from Experiments 1 and 2, namely that the presence of well-known items 
presses recognition of lesser known items when these are juxtaposed. 
ES ed appear that this feature was contributing to many of the studies of 
i 2 ated recall and recognition. Items which had been strengthened by recall 
ni ed to depress the recognition score on items not so recalled. 
- Vti realized that there are possible objections to this experiment. One 
m : 1e pre-learning of list A by the E group may have affected the learning task 
be Si cde They might for example have been so busy looking out for the names 
Es already learnt that they paid less attention to the others. It might, of 
the T» equally well be argued that they were more likely to concentrate on learning 
Eo w ones, and to pay less attention to those pre-learnt. But the pre-learning task 
E ¢ rise to an uncertain effect; and amongst further experiments which are 
ihitial is one to avoid this feature, by using material in which some items will 
E y be better known than others and so avoid the necessity for either previous 
Interpolated activity. 


GENERAL DISCUSSION 

efly the implications of the findings. Accept- 
h all three experiments, we have established 
he same item—in these instances the 


ontext. 


ing ie it is proposed to discuss very bri 

that th general trend which runs through all 

Ene: ere is a variable threshold for recognizing t i 
€ items were or were not recognized according to their c 

0 PA finding adds to the experimental evidence upon a relatively narrow feature 

x ember ing. This is all to the good since it would seem that in such a broad nnd 

pro embering intensive research on particular issues Is Do? ga Mec 


ductive r "deve avai 
that “tive. To date, an outstanding diliculty in considering availa i gus 


mu "e x 
t ch ‘ eie ; ations. 
hat of it is compatible with different theoretical interpretation relatively fe 

en 


F € pre AS 
Or e Sum Sent finding isolates a phenomenon w 
e we are not required to consider a system ing with one another. 


Tec, 
Teate 
Withou iim but rather one in which different data are compet oded o 
P ate nang involved in the intricacies of how d P remem 
iffe e the modest postulate that a critical variable 1 


Tent 
it strengths of the retained data. Such strengths wer ny tho i 
articulan'y © @ to recognize à 


Barth €S whi ] 

et ch previous researches have noted, tcu 

de atively u € might say that in a situation where à subject is trying is trying to 

A a known item in a context of many | 

B rats : ak signal amongst many stronger signals. 
ficient detecting mechanism. But the sign n 


are Y aboy ina co 
€ threshold value to be detected in à ing pro 
Te Sent value to P decreasing 
Sogni, Our hypothesis for Experiment 3 on staposition of better and worse 
3 » 


kn ines 
Ow, ., 8 Items might be reph d, e 
2 rased to reaC, 7; tter. ; 

ha P hen “ms will raise the redid of recogniti of the F ut the system itself 
Ty, ot iumenally then an item may have bee? unrecoE e on a particular Ea in 

is rai 6t it, though it has failed to detect 0f identify P difficulty inve 
any th lSes 4 further n; as Lx e eaaeo inheren theories to bea 
atem Y of wer aud tbe always been ig eee be explaining: 

about the phenomena which they were SEP 
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example in Gestalt psychology there is the phenomenon of closure from which is 
postulated an electrical brain field exhibiting similar closure characteristics. But 
systems need not be mere reduplications of the phenomenal features which they are 
trying to explain. In a very simple system motor-cars run along the ground but the 
pistons go up and down—there are no wheels to generate the power. In the field of 
remembering the present data may be of value in suggesting that by making our 
systems imitate too closely the phenomena they have to explain, we have created 
difficulties for ourselves. As noted above, we need not postulate a mechanism, which 
loses data only to be able to find them again. Rather we are studying the conditions 
in a system which make data more readily available on some occasions than on others. 
It might be mentioned in conclusion that our findings are not incompatible with 
more general evidence, such as a learner continuing to repeat mistakes long after à 
time when he might have been expected to have learned the correct response. On the 
present hypothesis it would be granted that he has “learned” the correct response 
in the sense of having stored it in the system, but the very much greater strength © 
the error competes successfully against it. Learning is accomplished only when the 
strengths of correct and error responses become relatively equated. Whether suc 
signals are merely competing against one another in a limited capacity channel oF 
actively inhibiting each other would seem to be a matter for further research. 
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NON-RANDOM SEQUENCES IN VISUAL THRESHOLD 
EXPERIMENTS 
BY 


C. I. HOWARTH and M. G. BULMER 
From the R.A.F. Institute of Aviation Medicine, Farnborough, Hants. 


Responses (i.e.''seen" or “not seen") to a repeated stimulus of constant intensity are 
Shown to be grouped in runs of the same response. It is suggested that there are only two 
Possible explanations of this non-randomness: spontaneous fluctuations of threshold and 

lé direct influence of a response on succeeding responses. Experiments designed to 
distinguish between these two explanations have shown that the latter is the more 
important and that a response affects directly, though with diminishing intensity, the 
Tee immediately following responses. 


I 
INTRODUCTION 


The assumption that successive determinations of a visual threshold are inde- 
Pendent of each other has been questioned in two recent papers (Verplank, Collier 
oe Cotton, 1952; Wertheimer, 1953). They have shown that responses to successive 

imuli of the same intensity tend to repeat themselves and form runs such as YYYYY 
to al N,. . (Y stands for a stimulus seen, N for a stimulus not seen) rather than 
i ternate like YNYNYN. ... The purpose of this paper is to study in greater 
ail the form of these non-random sequences and to discover their cause. 
afte he first question has been attacked by considering the conditional probabilities 
after Pa ou patterns of response. For example the conditional probability of N 
of all ix is written P(NINY) and is the proportion of times that N follows NY out 
na the times NY occurs in the experiment. Obviously if runs preponderate over 
mations: h 
P(N|N) > P(N|Y). 


i t Gane we have asked is: How far back does this relationship extend? . Given 
P(N NOIN) -P(N|Y), is P(N|NN) for example greater than P(N|YN), and, if so, is 
INNN) greater than P(N|YNN) and by how much? 
Visual ¢ frequent occurrence of runs of the same response indicates fluctuations of the 
of th hreshold; this follows from the definition of the threshold. These fluctuations 
Teshold must either be spontaneous, due perhaps to some physiological rhythm, 
ie induced by the direct effect of one response on succeeding responses. The only 
ES pie explanation is that there are fluctuations of the stimulus intensity; but 
esh nave been eliminated in our experiments. Spontaneous fluctuations of the 
i old could produce an excess of runs by causing different probabilities of seeing 
Some erent parts of the experiment; then runs of “noes” would be more common in 
of Parts of it and runs of "yeses" in others. On the other hand, a direct influence 


oth 
the; 
th 


had șa; "sponse on succeeding ones would produce runs if the fact that the subject 
tions at t Yes" once predisposed him to say "yes" again. In the first case the fluctua- 


the hreshold cause the runs; in the second the runs are self-induced and cause 
dec; UCtuations of threshold. The second experiment reported in this paper was 
Signe, noe perun 
to distinguish between these two explanations. 
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II 
APPARATUS 

A 12-volt, 36-watt head-lamp battery provided the light source. The voltage supply 
was a 24-volt, roo-amp./hr. battery dropped through a series resistance. The voltage 
across the lamp could be varied through a small range by means of a rheostat in parallel 
with the series resistance. The voltage across the bulb was measured by comparison with 
a reference voltage and could be accurately controlled to within 0-025 ofa volt. A projec- 
tion system projected a }-inch square of light on to a rear projection screen when a solenoid- 
operated shutter was opened. The shutter gave }-second flashes separated by intervals 
of4seconds. A faint black cross acted as a fixation point. A small bell rang simultaneously 
with each flash. The screen had a background illumination of 10 millilamberts from 2 
series of four 6-volt bulbs connected across the 24-volt supply. The intensity of the light 
flash was coarsely controlled by neutral-density gelatine filters. A small range of fina 
adjustment was provided by the rheostat in parallel with the bulb. T 

A photocell connected with a valve bridge circuit was used to give a very sensitive 
monitoring of the intensity of the light. The intensity remained constant to within 
I per cent. over long periods. In a few experiments a slight correction was applied during 
the course of the experiment by means of the rheostat. The subject responded by pressing 
a morse key. Stimulus and response were recorded on the same pen on a Palmer drum. 

III 
RESULTS 

Experiment 1: The form of the non-random sequences 

Procedure. Ten subjects were used, 9 male, 1 female. They were all under the age 
of 30 and had no gross visual defects. Each was placed in the dark room 6 feet 1n rod 
of the illuminated screen and allowed a few minutes to adapt. The apparatus was starte 
and the light flashed every 4 seconds. The intensity of the light was adjusted as que a 
as possible until the subject could see the flash on about half the number of times e 
given intensity. A further ro minutes was used on final adjustment of the intensity TO e 
outside the dark room. This gave the subject time to settle down and prevented eny 

lank $ 

were introduced during this preliminary session, and the subject was warned if he gave 
too many false alarms. When all adjustment was completed, the subject was tol in. 
the period of adjustment was completed and that the main experiment would now beg! re 
He was told to press the morse key when he saw the flash. No other instructions yes 
given apart from warnings not to fixate too strongly between flashes and to rest the Ta 
by blinking. The subject then received about 600 successive stimuli at the same intens! ie 
The experiment was stopped on two occasions after the probability of seeing had dropP 
almost to zero. This change was thought to be due to fatigue and both these subj 
(O. B. and O. T.) performed satisfactorily on a later occasion. 


deviations from 50 per cent. seeing during the main part of the experiment. B 


Results. The purpose of this experiment was to determine as accurately sg 


possible the form of the non-randomness which occurs. For this purpose the me i 
of analysis described in the introduction has been used. The results are shows a 
Figure r. If the responses were random, P(N) would be independent of the prece eu 
responses and all the graphs would be horizontal straight lines. Three of the subje 


F. S., O. T. and O. B. are approximately random. di 
One subject, B. L., is non-random in a way suggesting very slow chang P., 
threshold during the experiment. The other six subjects, J. B., P. P., K. Je t ait 
R. D. and S. S., are all markedly non-random in a way very different from B. L. nly 
conditional probabilities in Figure 15 fall from P(N[NNN) to P(N|YYY)ina mue 
straight line, showing that responses are dependent on the pattern of respon 
least the three preceding responses, if it depended only on the last two respon 
should expect * 
P(N[NNN) = P(N|YNN) > P(N[NYN) = P(N|YYN) > P(N|NNY) = 
P(N|YNY) > P(N|NYY) = P(N|YYY), 


giving a staircase curve in Figure 15 like that for subject J. B. 
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If P(N) were dependent on the pattern of more than the three preceding responses 
we should expect a graph like that of subject B. L. Since P(N[NNN) includes 
P(N[NNNN) and the effects of patterns of response extending still further back, the 
shape of Figure 1b for this subject shows that he made more sustained runs of the 
Same response than did the other subjects. The flat portion in the centre of the 
curve shows that P(N) was nearly independent of the immediately preceding response. 


FIGURE 1 (a) FIGURE 1 (b) 
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iie. The probability of saying “no” after runs of “‘yeses’’ and “noes” of 
e 


nt lengths. For the six "typical" non-random subjects the curve 
flattens off rapidly. 


I(b The probability of saying “no” after the eight different patterns of 
ree responses. In both a and b the curves for the individual subjects are 
Staggered downwards as indicated by the zero marks on the abscissa. 


Fi 
Cury, gure ra confirms 


es Th all these impressions. The random subjects all have flat 
NS: 


i Creag e curve for B. L. shows a continuous increase as the length of the runs 

bag es. The other six subjects show curves flattening out after the responses three 

Info ave been fixed, Although it is easier to interpret Figure ra, it is not really so 

Mothe Ye as Figure Ib since the points on the curve are not independent of one 
? P(N[N) for example depends on P(N[NN) and P(N[NNN). 
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The results have also been analysed in terms of the correlations between responses 
for various intervals between them. These are shown in Figure 2. This type of 
analysis was used by Verplank et al. and by Wertheimer. Its chief advantage 1s that 
it shows up clearly any periodicity in the responses. In fact no clear periodicity can 
be seen either in their results or in our Figure 2. This may be because any spontaneous 
fluctuations were aperiodic or because the explanation of the non-randomness 1$ the 
direct effect of a response on succeeding responses. Such a direct effect would in fact 
produce an aperiodic fluctuation of threshold when acting in conjunction with a 
source of random variability. This explanation is made still more plausible by & 
comparison of Figure 1 with Figure 2. The non-randomness seems to extend further 
in Figure 2 than in Figure 1. This can be explained by the “chaining” of the responses 
so that, if response one is correlated with response two and response two with response 
three, response one will be correlated with response three even if there is no direct 
influence between them. Chaining of this kind could only occur if there was a direct 
influence of one response on another. If spontaneous fluctuation were the cause E 
non-randomness the range of the non-randomness would be about the same in 
Figures 1 and 2; this is approximately the case for subject B. L. The cause of the 
non-randomness has, however, been investigated directly in Experiment 2. 


FIGURE 2 
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six non-random subjects, the three random subjects E 
dividual curves are staggered downward o.2 unit as 1” 


Correlograms for the 
Single points greater than o-1 differ significantly from Zero. 


subject B. L. The in 
by the zero lines. 


" š the non-random sequences do? 

wbeviment 2: The cause of Á m m". 

E E dure. Six subjects from Experiment 1 who exhibited marked nstructoD" 
uk were used again in Experiment 2. The initial procedure and the n e 

vient the same. In the main part of the experiment, however, the v 

were ex - 
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Was sometimes rung unaccompanied by the light flash but with a masking shutter operated 
to prevent any auditory cues. These blank stimuli were presented in blocks of three 
interspersed at random throughout the experiment. 

Results. The purpose of this experiment was to discover whether the cause of the 
Non-randomness was spontaneous fluctuation of the threshold or the direct influence 
of one response on succeeding responses. Experiment 1 showed that a response is 
not appreciably affected by what happened more than three places back. If the non- 
Tandomness were due to spontaneous fluctuations of the threshold, the probability of 
3 particular response should not be altered by forcing the subject to say “no” three 
times in succession by presenting a block of three blank stimuli and we should find 

P(N) = P(N|BBB) < P(N[NNN) 
Where P(N|BBB) is the probability of saying "no" to the stimulus immediately 
ollowing a block of three blank stimuli. (Responses to blank stimuli are, of course, 
Not counted in calculating any of the probabilities.) If, on the other hand, the non- 
Tandomness were due to a direct effect of one response on succeeding ones, then forcing 
€ Subject to say "no" three times to a block of blank stimuli should increase his 
Probability of saying "no" to the stimulus immediately following the block and we 


Should find 

Iti : P(N) < P(N|BBB) = P(N|NNN). 

i 5 essential that the blank stimuli should be presented in blocks of three so that all 
N three preceding responses should be fixed. If single blank stimuli had been used 


* should expe 
E p P(NIN) > P(N[B) - 
Üke Se of the effect of the second and third preceding responses. These are more 
(9d to have been “no” when preceding a “no” to a stimulus than when preceding 
non blank. It would be wrong to deduce the relative amount of spontaneous 

a from such an experiment as Verplank (1952) seems to have done. 

Used € probability of saying “no” immediately before a block, P(N|[BBB), has been 
With a à check on the distribution of the blocks. If they are randomly distributed 
“spect to any change in the threshold, then P(N|BBB) = P(N) 


TABLE I 
Subject P(N| NNN) P(N| BBB) P(N) P(N|| BBB) 
- z 64 (67) 54 (76) 33 (552) 34 (76) 
P 47 (15) 44 (72) 23 (404) 32 (72) 
KT 70 (67) 54 (52) 46 (478) 36 (52) 
J q 83 (276) 88 (67) 74 (497) 64 (67) 
Sis 75 (44) 64 (39) 55 (275) 54 (39) 
Rp 55 (55) 67 (52) 45 (465) 48 (52) 
Nr cd 81 (59) 67 (42) 44 (303) 45 (42) 
aver, Shted 69:9 4 22 652424 484-09 463 + 26 


Vtrage 4 SE, 
Beni ud The conditional probabilities of saying ''no" in the various experi- 
i medjo vations of Experiment 2. P(N|BBB) is the probability of saying "no 
Of sa. -lately after a block of three blank stimuli. P(N || BBB) is the probanility 
seein, 1S no” immediately before such a block. (P(N) is the probability of nat 
not S a stimulus in the whole experiment. P(N|NNN) is the probability o 
to bj cing a stimulus having failed to see the three preceding stimuli. Responses 
in Pe stimuli are, of course, not included in these probabilities. _The figures 

ackets are the numbers of observations on which each probability is based. 


This: zou 
Sigue Individual results are given in Table I. They have also been pooled by 
N 18 the Percentages in each row by the number of observations on which the 
es E € member of the row is based. The pooled results are shown in Figure E 
"Ng can be attached to the actual probabilities in the figure although the 
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relationships between them are meaningful. Most of the non-randomness seems to 
be due to the direct influence of one response on succeeding ones and little or none to 
spontaneous fluctuations in the threshold. It is worth noting that any inaccuracy in 
the apparatus such as a drift in the intensity of the light would have had the same 
effect as a fluctuation of the threshold. Only two of the subjects made any responses. 
to blank stimuli. P. P. made 9 per cent. false alarms and S. S. 2 per cent. 


PA) FIGURE 3 


à 


40 | 40 


‘ P(NINNN) —P(N|BBB) P(N) P(N||BBB) 
This figure shows the weighted average of the subjects in Table I. 


Experiment 3: The effect of stimulus intensity 

In Experiment 2 it has been assumed that the intensity of the stimulus is unimportant 
except in so far as it affects the probability of response. It has been assumed for example 
that a certain and an uncertain ''yes" will have the same effect on the subsequent pro Le 
bility of response. This assumption was checked in a short experiment on four subject®: 
The procedure was the same as in Experiment I, but on this occasion the reaction times 
were measured to give an indication of the confidence of the response. . 

One subject gave random responses. The other three were analysed as follows. For 
two successive stimuli: * x 2 

i. The nature of the response to the first (i.e. whether “yes” or ''no") affected tg 
average probability of response to the second by 17 per cent., but, b 

2. The definiteness of the response to the first, as measured by long or short reactio” 
times, affected the probability of response to the second by only o:5 per cent. 

The average reaction time to the second when preceded by a ‘‘yes”’ response 

first differed from the reaction time when preceded by a “no” by 60 milliseconds in 2| 


o the 


the 
to at 


500; but, 
The average reaction time to the first when succeeded by a ‘‘yes’’ response t 
second differs from the reaction time when succeeded by a “no” by only 2 milliseconds, . 

The difference between 1 and 2 and that between 3 and 4 was only significant 4 are $ 
The experiment provides no evidence for a large effect of the certain. y4 
d some evidence that its effect is small. 


IV 

Discussion ^ f 

Marked non-random behaviour has been found in seven out of ten subjects. P ; 
responses have a strong tendency to come in runs of the same response rather t 
alternations of different responses. In six of these subjects the effect of a response 


3 


10 per cent. level. 
of the response an 
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Subsequent responses dies away rapidly having nearly disappeared by the third 
p pone back. The second experiment showed that in these six subjects the cause of 
a non-randomness is largely the direct influence of one response on succeeding 
ponses rather than a spontaneous fluctuation of the threshold, which would 
Produce runs by altering the probability of seeing in different parts of the experiment. 
est (1953) has looked for physiological rhythms in threshold data by 
E ror, the power functions of a considerable range of frequencies. His figures 
a ed slight evidence of a dominant frequency, but the power function falls off 
E y for the higher frequencies. This is the type of result to be expected from our 
oe eon of the results since too few alternations amount to a lack of higher 
T" ia in the fluctuation of the threshold. Correlograms are also very sensitive 
È juae, but no sign of a dominant frequency is to be found in the work of 
a et al. nor in the present experiments. One would expect a spontaneous 
s uon of threshold to be periodic. The fact that no such period in the threshold 
aie found makes the present explanation of the results all the more attractive. 
DE nons can be demonstrated in continuous methods of determining 
thes holds (Guilford, 1927; Oldfield, 1955), but it is hard to see what relationship 
€ have to the fluctuations of threshold which we have been investigating. 
on are two other possible explanations of the non-randomness: overall trends 
el Ern oscillatory fluctuations) in the probability of seeing and fluctuations of 
Would’ intensity. The latter were effectively eliminated in our apparatus. They 
Tend ^. so have shown up as a spontaneous fluctuation 1n Experiment 2. Any large 
also h vould have produced results like those of subject B. L. in Figure 1 and would 
| ink eve given correlations extending over considerably greater lags than are found 
| the TaS 2. Slight trends were, however, present and were estimated by considering ) 
a nse between the probabilities of seeing in the first and last third of each 
9* is th ent. „The differences, d, were pooled for all subjects by taking E(d?/o?) where 
Yvariat variance of d; this quantity is approximately distributed asa Don ceu 
N i. with 19 degrees of freedom and non-centrality parameter À = X(A*[o?) 
Was or. is the expected value of d (see Patnaik, 1949). The value of this statistic 
hey I from which we obtained an estimate of the weighted root mean square of 
Th Per cent. with upper and lower 5 per cent. limits of 13:4 per cent. and 7:9 per cent. 


B i H . 
effec. there is an appreciable trend in these experiments. It will, however, have little 
f the probability of seeing 


Chan, 9n the conditional probabilities. For example i 0 
Value of from 55 per cent. to 45 per cent. in the middle of the experiment the expected 
P(N|N) would be 50:05 per cent. and of P(N|Y) 49°95 m edd aiios 
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extended any further for their experiments on the dark adapted eye than it does in — 
ours on the light adapted eye or that the mechanisms of the non-randomness should 
differ in the two cases. 

Figure 1b is not independent of effects exerted from more than three places back 
since (P(N[NNN) for example is a weighted average of P(N[NNNN) and P(N|YNNN). 
Such long-distance effects have obviously caused the rather curious graph of B. L.; 
but they can probably be safely ignored for the other subjects, in whom the linear 
form of the graphs indicates that the direct effect of a previous response falls off 
roughly in a geometrical progression with the interval between the stimuli, since 
P(N[NNN) and P(N|YNN) are one unit apart, P(N[NNN) and P(N|NYN) are two 
units and P(N[NNN) and P(N[NNY) are four units apart on the graph. The con- 
clusion that the effect of a previous response falls off sharply with its distance for the 
six typical non-random subjects is confirmed by the shapes of the graphs in Figure 14- 
These may be compared with the almost straight line of B. L., which suggests that 
i effect had hardly started to fall off at the third place back and is due to long-term 
effects. 

We have ignored the effects of the intensity of the stimulus in Experiment 2. It 
has been argued that the effects are due to the influence of one response on another; 

to justify this conclusion from Experiment 2 it must be assumed that the type 9 
stimulus which evokes a response is irrelevant to the effect of that response 9 
succeeding responses. This seems to be fairly justifiable under the conditions of ou! 
experiments. A short experiment using reaction time as a measure of the confidence 

of a response has failed to show evidence of any difference in the effect of the certain 

of a particular response on the probability of succeeding responses. If stimuli 9 | 
widely different intensities were used in an experiment like Experiment 2 the relation” — 
ships would probably break down once the subject is able to distinguish fairly clear 
between the intensities of the lights used. This is not usually the case, however, 

the intensities used in the construction of frequency of seeing curves. j 

The instructions used were as neutral as we were able to make them and do 2d i 
seem to have been a direct cause of the non-randomness. During the initial pa 7 
the experiments the intensity of light was varied as little as possible and approximately 
50 per cent. frequency of seeing was obtained quite quickly. We differentiated clear 
between this initial period of adjustment and the main part of the experiment: d 
seems unlikely that the subject’s experience during the period of adjustment cause 
the non-randomness. In fact the experimental procedure seems less likely to hav 
induced runs than that used in many common psychophysical procedures. 0 
The mechanism of the non-randomness is of practical importance since the fW 
echanisms will have very different effects on the results of psychophyS!^ " 


For example the direct effect will tend to produce “overshoot? - 
ctua' jor. j 
o 


possible m 


experiments. 
when thresholds are found by the method of limits, whereas spontaneous flu 


of the threshold would merely increase the scatter of the readings. Frequency pe 
ned by using grouped stimuli will have their slope increased bY 


t will increase the probabilities of seeing which are greater * id 
s woul 


seeing curves obtai 
direct effect, since i 
50 per cent. and reduce those less than 50 per cent.; spontaneous fluctu ation: 
tend to flatten the curve. E 
When the stimuli are presented in a random order of intensities, both the pet g 
effect and spontaneous fluctuations will decrease the slope of the frequency of ne e 
curve. There seems to be no method of presenting the stimuli which will Ur a 
the effects of either of the possible causes of non-randomness. Since random Seat of 
tion of stimuli is usually used in obtaining frequency of seeing curves any es On 
the number of quanta necessary for vision obtained from such curves e.g- ' 


| 
| 
| 
| 


f 


NON-RANDOM SEQUENCES IN THRESHOLD EXPERIMENTS I7I 


Shlaer and Pirenne, 1942) will be.an underestimate if there is any non-randomness 
in the responses. This is because quantum variability is necessarily random and in 
the case of randomised stimuli the total variability of the response is a summed 
function of the random and the non-random variability. 

We do not wish to make too much of the possibility of non-randomness in earlier 
Psychophysical experiments. There is no reason to suppose that the non-random 
variability will still be large when sophisticated subjects are used or when the subject 
knows that the intensity of the stimulus changes between each presentation as is 
usually the case with randomised stimuli. These are obviously subjects for further 
Work. Also in the present experiments a long exposure was used deliberately, since 
the steep frequency of seeing curve which is characteristic of long exposures should 
result in a greater change in the probability of seeing for a given slow change in the 
threshold, It was hoped that by this means the size of the non-random effect would 
be increased and would be correspondingly easier to investigate. Using shorter 
exposures the random variability should be absolutely greater and the non-random 
Variability proportionately less. It is impossible to know at present what will be the 
effect of various alterations in the experimental technique on the non-random 
Variability and each case must be treated on its merits. 
in gU ndershooting" in the method of limits has often been reported and implies that 

is case there may be a stronger tendency to change the previous response than 

9 repeat it. 
h One may tentatively consider whether this non-random behaviour is useful. It 
aa the effect of raising the frequency of response to a more probable stimulus and 
ái Owering it to a less probable stimulus of the same intensity. T hus the observer 
M efiect lowers his threshold according to the probability of the stimulus without 
ing given any information about what that probability is. This disposes of one of 
Spain lies encountered by those who treat sense perception as a game played 
Probate in which each side tries to minimize his or her loss. Calculation of the 
s Medie of a stimulus is essential if the observer is to have any idea of his expected 

» but it is difficult to see how such a calculation could be performed in practice. 
© type of behaviour now reported allows the observer to behave as if he knew the 


Probability of the stimulus. 
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Flicker-fusion frequencies have been measured against a photopic level of surround 
luminance in the four quadrants of the visual field and the critical fusion {frequences 
(c.f.f.s.) taken in direct vision compared with those determined at 15° and 35° in ng 
periphery. The central c.f.f.s. of 47 subjects exceeded the peripheral values only in jus 
over half of all the quadrants tested, although smaller differential thresholds were given 
almost without exception in the centre than in the periphery by the same observers an 
under similar conditions on a test of brightness discrimination. Likewise higher centra’ 
than peripheral c.f.f.s. were recorded in the great majority of all quadrants when determin’: 
tions were made against a dark surround. The contrasting types of flicker respon 
observed against the photopic ground were shown to be relatively reproducible, and the 
same pattern was as a rule found in at least three quadrants of any one visual field. , n 
was ascertained that the different patterns might result from a reciprocal shift of fusio 


Interpretations of the higher peripheral c.f.f.s which adduce the effect of accentuate 
a 5 


pupillary constriction with central stimulation were contra-indicated since such p ome 


more intense than the surround. It was suggested that the contrasting type 
response might be related to individual differences in the effect that stimulus size b 
the flicker pattern. i : 
I T ; 
INTRODUCTION RT 

It has commonly been reported that the frequency of an intermittent light stim 
at which flicker can just be distinguished in central vision is not identical with 
critical fusion frequency (c.f.f.) in the peripheral visual field. This phenomenon S 
as a rule, been investigated in the dark adapted eye and with low levels of surtou n5 
luminance (ie. below o-r ml). The c.f.f. for white light is under these conditio di 
usually found to be higher in central vision than at any peripheral site if stimt, 
intensities exceed about 0-1 ml. at fusion; if, on the other hand, the luminance 9 za 
test object is less than about o-r ml. the peripheral c.f.f. is higher than the cen 
A similar relatively low central c.f.f. has also been reported with dark surroun 5 ) 
the luminance of a 2° test object is raised above about 177 ml. at fusion (Lloyd, E 
and for test objects exceeding 2° in angular size at levels of stimulus lumine 
ranging ‘from 00047-2144 ml. at fusion (Granit & Harper, 1930). Alpern n n. 
(1953) have argued convincingly that this depression of the c.f.f. with relatively m 
(and perhaps also with large) test areas is to be attributed to the more Debs in the 
response of the photopupillary reflex to central than to peripheral stimula Kr pu pi 
visual field under these conditions (cf. Duke-Elder, 1938, pp. 553); aereo ae 
on central testing would restrict the light incident on the retina, i23 ecient o 
reduction in the effective luminance of the stimulus would be more than 


outweigh the intrinsic higher fusion threshold of this region. 


| 
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Th i i 

= P pom ok of the central and peripheral areas of the visual field have 
AM a = o = when measured against photopic and intermediate levels of 
hte ne. a here is, moreover, little agreement between the findings of 
stimulus Samos pan Do E he pues s which the luminance of the 
B. X v of o-1 ml., in which a light : dark rati i 
Thus D DTE and the experimental conditions have bet] qeec era 
Biden ofa m. E ce ah: S up (933) reported higher central than 
Pcie c ding 12' and 2°, and over wide ran; 
i paraa PENA luminance. On the other hand the reverse relationship Aem 
ascertained by L *s in eoe vision than in parts of the peripheral field, has d 
mich of the ye erui (1929), Phillips (1933) and Hylkema (1942) over 
dior MR ui o stimulus and surround luminance and for angular sizes of 
Eb in the <i m stimulus varying from 1°-5°. Riddell (1936) found a higher 
dt Ace bat an at 10 towards the periphery for test objects of 30’ and 1? 
2° Emm i i Xe a result in the same subject with larger stimuli subtending 
EC dnd uds etude P eta that Hecht & Verrijp alone controlled the pupillary 
neat ae E i the fusion frequency at levels of surround ]uminance greater 
DE 7 = not more than 3 individuals were tested in any investigation 
study by lo. M conditions are fully described with the exception of the 

Br. edis cont p where the individual differences excited their comments 

De son heiche A outcome of previous studies, the central and peripheral 
control group view ls of 47 individuals are presented. These subjects formed the 
variability cf perf inical investigation reported elsewhere (Ettlinger, 1956). Marked 
Sürround E. yon was encountered with flicker fusion against a photopic 
= essary id "Ems other test of visual discrimination. It thus proved 
against Aaariet p om thresholds under a variety of test conditions, e.g. 
| 4 s ihr 
4 Phar anus ; « METHOD 


, 


EN An hemisphere of ERAN A. i 
ouace is coated e Ole radius is set vertically in a dark room. Its smooth interior 
x M "Natu ya matt-white paint and can be evenly illuminated by two 4-ft. 40-W. 
aperture suteni fluorescent tubes. A large corrected lens is mounted behind a circular 
1 the hemis Ne ing 3:6* of arc at I m. which is let into the centre of the interior surface 
ens. Borg phere. The intermittent light stimulus is presented from the centre of the 
are eade toe during determinations in the peripheral field of vision; small 2-V. bulbs 
lagona] ed into the plaster of the hemisphere at 1 5? and 35° from the centr 
Ee su ans running from the upper left to the lower right and from the uppe 
h er left through the centre. Steady fixation is 


e along the 
r right 


facilitated by means of an adjustable 


An y ; 
mj optical system. (Fi is si far side of th hemisphere from the 
(ROjec igure 1), is situated on the far side © he p! 
No RE Mud channels of light are taken from one source, a vertical 2-ft. 40-W. OSRAM 
Sube. fluorescent tube, and after reflection by prisms are recombined in à mixing 


thee: The light of the background channel merely passes through neutral wedge filters; 
ld lian view, to be 


hich is seen in Maxwe 
Cuts of any shape or 


uated $ : T 
ace subjectively with that of the interior of the hemisphere. à 
r respective holders placed along the axis of the 
X i tre of the field lens and in 


ulu 
Ns S channel. The images of the cuts are seen in the cen 
An electrically-operated shutter, and 


etal di 

Close disc containi 

«Se to it: aining four equal sectors, cut the beam of í 
B u n td RT Bee ton! The distance of the sector shaft from the axis of the 
~X Pose ght beam and the latter’s dimensions permit a 1 
Raa the sector shaft has rotated through an angle ọ 6:6°. The fpursegkor 2 
= and T: y à constant-speed motor through a *«ball-and-disc" type of Beatbge 2m d 
fagi,  achometer (Model A.T.H. 7) is locked to the sector “hate, and this allows a direc 


3 9t its rate of rotation to be taken. 
E 
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In order to minimize the roo cycles component in the output of the 2-ft. 40-W. 
fluorescent source, the tube is supplied through a rectifier unit, and the output voltage 
smoothed by means of an electrolytic capacitor, the residual ripple constituting less than 
8-5 per cent. of the total light output. The associated control gear of the lamp unit is 
retained with the addition of a variable resistor and reversing switch. 


FIGURE r 


Field 
lens 
l|. Shutter. 
2. Flicker Sector. 
3. Filter Holder. 
4. Cut Holder. 
5. Flicker Motor. 
6. Tachometer. 
The Optical System 
Subjects. 


Forty-seven members of the staff of the National Hospital have been tested against 2 
photopic surround to provide control results for a clinical investigation reported elsewhere 
(Ettlinger, 1956). Only two of these subjects are medical practitioners, and none has had 
previous experience of visual testing. The mean age of this group is 34:7 years, W! 
range of 17-61 years. 


Procedure. 

The two eyes of each subject are tested separately, and the order of testing the eyes 
quadrants and positions within quadrants is systematically varied to balance practic 
effects. Similarly the order of the different test conditions is also varied from subject kim 
subject in the "special" analysis. One eye is loosely covered with a large shield, but no 
closed. The subject is adapted to the prevailing illumination for 5 minutes prior to testing 
in the case of the photopic level of surround luminance, or for 15-20 minutes when testin 
is done in the dark. M" 

Two ascending and two descending thresholds are obtained at each position in ca 
visual field, using the method of minimal changes, for the phenomenal fusion of an in 
mittent light stimulus. The subject is always tested at first with a rate of intermittence? 4 
only about 10 c.p.s. This rate is then increased in steps of 3:3 c.p.s. until fusion is repo” si 
twice in succession, whereupon it is reduced by decrements of 0-7 c.p.s. at a time er 
flicker is reported, to give the first threshold. Starting from a value some 3-6 c.p-5- be pu 
this threshold, increments of 0-7 c.p.s. in the rate of intermittence are then made fo 
determination of ''no flicker” for the second threshold. Decreasing once more from ^gach 
some 3-6 c.p.s. above the second threshold the whole procedure is repeated. tter)» 
osure of the test object has a duration of 1-5 seconds (timed on the electrical shu 


ex s P n 
r ds intervals in between successive presentations. 


with 1—2 secon: 
Treatment of Results. cif 

The mean value of the four threshold determinations at each site is taken aS the sive 
for that position in the visualfield. The middle 80 per cent. of the deviations of E ‘ange 
judgments from their mean, both in central and peripheral vision, fall m zi of the 
0:7-3:3 c.p.s. for the group of 47 untrained observers. Since the absolute va P treated 
fusion frequencies are of minor interest for the present investigation, the red are, in 2 
as follows:—if the c.f.f. in central vision exceeds the c.f.f. at both 15? and 35 


| 
| 


| 
| 
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quadrant by a value greater than 0-7 c.p.s. the pattern of response for that quandrant is 
assigned the designation “C”; if, however, the c.f.f. in central vision is lower than that at 
15° or 35° in any quadrant the response pattern for that quadrant is termed a “P” pattern. 


TII 
RESULTS 


Types of Flicker Response under Photopic Conditions of Surround Luminance for 
47 Subjects. 

The relationship between the c.f.f. in central and peripheral vision was determined 
for 47 healthy subjects. The test object subtended 1-5° of arc at the eye and was 
presented superimposed upon a homogeneous white field which encompassed the 
Subject's field of vision. The luminance of the ground was 37:3 ml. and the incremental 
luminance of the test object was 107-3 ml. at fusion. Under these conditions the 
"dark" phase of the stimulus cycle was the background luminance of the field lens 
at 37:3 ml. 


TABLE I 


INCIDENCE OF 2 TyPES or FLICKER RESPONSE IN 47 SUBJECTS 
E ee ANAANNM———— 5$ Uoc 5 — 


Types of Response 
c | P | Tota 
No. of eyes showing the same pattern in 4 quadrants . 36 | 22 | 58 
No. of eyes showing the same pattern in 3 quadrants ei 10 12 | 22 
No. of eyes showing the same pattern in at least 3 quadrants 46 34 | 80 
No. of subjects showing the same pattern in at least 3 quad- 3 
rants of both eyes .. 2s «à es " x 17 12 29 


C indicates a higher c.f.f. in central vision than at r5? and 35? in the 


Periphery. P indicates a higher c.f.f. at 15° or 35° than in central vision. 


From Table I it will be seen that a C pattern of flicker response was recorded in 
at least 3 quadrants of 46 eyes and a P-type of pattern in 34 eyes. The number of 
yes showing the same pattern in at least 3 quadrants is, therefore, 80 out of the t 
tested. On the other hand, only 29 out ‘of 47 subjects gave the same pattern in a 
least 3 quadrants of both eyes. The two eyes were never tested on the same en 

More detailed analysis of the data indicates that the C pattern of flicker percep ioi 
Occurs most frequently in the lower temporal, and least often in the ae a 
quadrant (x? significant, P = <o-05). Furthermore the incidence of p nig en 
at 35° than at 15? is predominant only in the lower temporal emer er Ee Erw 
‘effects are most probably to be related to the known depression of the : d 
Of the visual field near to the blind spot. On the other hand, o associa onbe 

he pattern of flicker perception and either age, refractive error, sex or type Ria) im 
eens of the intermittent light at ec ed as mig 
‘differential rates of flicker adaptation, etc.) could De ted. : T" 

The ranges of the fusion dreqüeticlts taken in central viin ana ee Aen * 
9f the visual field were determined separately for 34 quadran 3 Sits ommi 
Showing P-types of flicker pattern in 15 subjects. This um ul aly their retest 
Ose individuals who were investigated for retest reliability, a 
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values as determined under the standard conditions described above have been 
analysed. C.f.f.s relating to the 15° and 35° positions in the visual field have been 
included individually in one frequency distribution for this analysis. 


TABLE II 


PERCENTAGE INCIDENCE OF DIFFERENT VALUES OF FUSION FREQUENCIES IN CENTRAL 
AND PERIPHERAL VISION FOR THE CONTRASTING RESPONSE PATTERNS OF 18 SUBJECTS 


| | 
Types of | Below 40 | 40-49 50-59 60-69 Above 69 

response ceps. | c.p.s. C.p.s. C.p.s. C.p.s. 

Central .. sl [o 53:8 | 15:4 23:1 qu 

Vision ^ -| E 50:0 | 417 8:3 o 
15° and | Cc 32:9 32:9 28 o | 
35° in : | 
P 18:7 573 18-7 53 


periphery .. | 


Although there is considerable overlap between the ranges associated with C and P 
patterns of response both in central and peripheral vision, it is evident from Table I | 
that central c.f.f.s are not only more frequently higher, but peripheral c.f.f.s are also — 
lower in quadrants showing C patterns as against P types of response. Thus 30:8 pee 
cent. of c.f.f.s taken in central vision exceed 60 c.p.s. when related to the € response — 
patterns as against 8-3 per cent. when associated with P patterns. Similarly s 
proportion of fusion frequencies determined in the peripheral field of vision tha 
exceeds 60 c.p.s. in quadrants showing the C class of pattern is 2-8 per cent. compare 
with 24.0 per cent. in quadrants showing the contrasting response. Again 643 per 
cent. of peripheral c.f.f.s related to C patterns, compared with 18-7 per cent. of p-type? 
of response, fall below 50 c.p.s. C-types of pattern may then differ from the P clas 
in that either the central c.f.f.s reach higher values or the peripheral fusion frequencies 
are depressed. 

The main finding, of clear-cut differences in the relationship of the fusion fre 


quency 


to the eccentricity of stimulation in the visual field both for different subjects and ne 


4 
l 
infrequently for the two eyes of a single individual, should be contrasted with | 
almost uniform response patterns of the same subjects in brightness discriminatio™ 
For employing the same apparatus and test conditions the differential limen l 
brightness was smaller in central vision than at 15° in 374 out of 376 quadrants, es 
eater at 15° than at 35° in only 3 out of 376 quadrants. A similarly consiste | 
relationship between discrimination and eccentricity of stimulation was foun 
tests of minimum separable acuity and tachistoscopic acuity. | 


Test-Retest Reliability of the Flicker Patterns. 

Retaining the same experimental conditions and procedure, 18 
retested on one eye after intervals of time ranging from 1-12 months. Eight 
subjects were selected by means of a random procedure, the remainder because fi 1 
fusion frequencies conformed to particular classes of flicker response. The OT is 
testing quadrants and positions within each quadrant was reversed for 7 subiere 

The pattern of flicker response was found to be changed in 15 out of 72 qua tad an 
Nevertheless statistical analysis gives evidence of a significant relationship be ordef i 
the test and retest results (y? = 22°61, 1 d.f., P = <o-or). The reversal in Ra the 
of testing did not give rise to selectively lower test-retest reliability. Compar! 


ere 
biects We 

subj wg thes? 

heir 
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response patterns for all 18 subjects the C pattern of flicker perception is more stable 
than the P pattern. For in only 14-8 per cent. of the 27 quadrants originally showing 
a C pattern was a P-type of response found on retesting, whereas a reversal from P 
to C patterns occurred in 24-4 per cent. of quadrants. No such differences are in 
evidence for the group of 8 unselected subjects which, however, contains only a small 
sample (8) of C patterns. 


Types of Flicker Response under Scotopic Conditions of Surround Luminance. 


Thirteen subjects were retested on the same apparatus, but against a surround 
luminance of o-oorr8 ml. and after a period of 15-20 minutes dark adaptation. Two 
conditions of stimulation were investigated. In the first, the intermittent light was 
of the same angular size (1:5?) and luminance (107-3 ml. at fusion) as had been 
employed at the photopic level of surround luminance. In the second, a test object 
of 45’ angular size and 1-073 ml. luminance at fusion was viewed against the dark 
round. The luminance of the dark phase of the stimulus cycle was approximately 
9ne-tenth of the surround luminance under both test conditions. 


TABLE III 
Errect oF DARK SURROUND ON FLICKER PATTERNS OF 
^ 13 SUBJECTS 


Test conditions: Scotopic I—test object of 1:5? angular 
size and 107-3 ml. luminance at fusion. Scotopic II— 
test object of 45’ angular size and 1-073 ml. luminance 


at fusion. 

Scotopic I Scotopic II 
Standard —— — 
response | P C | P 


Cc 
EH 25 25 | o 23 | 2 
P| 27 23 | 


The findings are tabulated in Table III. C patterns of response had been recorded 
Under photopic conditions of surround luminance in 25 quadrants, and these patterns 
ate reproduced almost perfectly against the dark ground with both sizes and luminances 
of the test object. Moreover a clear majority of the 27 quadrants showing P classes 
of response against the photopic surround were found to show the C pattern under 
SCoptopic conditions of the surround. Only in 4 quadrants (of 2 subjects) were 

Patterns still recorded with the more intense test object, and.in 6 quadrants (of 
1 Subjects) with the less intense stimulus. The difference between the proportion of 

Tesponses under the standard and both scotopic conditions of surround luminance 
can be demonstrated statistically to be significant beyond the 5 per cent. level of 
Confidence. 


Analysis of the Flicker Response Patterns Occurring under Photopic Conditions of 

Surround Luminance. d i 

The sa jects were required to give flicker fusion judgments 

Standard aco 2 ae of em ml. dud with intermittent stimuli of 107:3 ml. 

Reremental luminance at fusion but for different sizes of test object. Under these 

°nditions the “dark” phase of the stimulus cycle is equal to the gee 
Minance, x 


against the 
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When test objects of 45’ and 3:6? angular size were presented the C pattern of 
response was observed to remain relatively stable with both increase and decrease in 
the size of the test object from the 1-5? standard size (8 per cent. pattern reversal in 
each case). Those quadrants, on the other hand, in which a P pattern of response had 
originally been recorded, showed about the same degree of pattern reversal (25:9 per 
cent.) when tested with a 3:6? object as on retesting under the standard conditions, 
but a more marked shift (48-1 per cent.) towards the C pattern in the case of the 
45' object. 

Since no previous investigator has used a "dark" phase in the stimulus cycle 
equated for luminance with the photopic background, further testing was carried out 
with the luminance of the dark phase having a value approximately 5 per cent. 0 
thatofthesurround. Reverting to the standard size of the test object, the 13 subjects 
were again tested but with the luminance of the dark phase of the stimulus cycle and 
also of the immediate surround of the test object (i.e. of the field lens) reduced to 
r:9 ml. A circular object of 1:5? angular size was therefore seen as bright (at 107:3 m^ 
at fusion) against an immediate surround or annulus of 1:05? width. This annulus, 
having a luminance of 1-9 ml., was itself surrounded by the hemisphere of 37:3 ml. 
luminance. 

The results indicate that the instability of both the C and P patterns (20 per cent. 
and 44-4 per cent. shift) is more marked than on retesting under standard conditions. 
This increased tendency to pattern reversal may be related to the effect of the darker 
immediate surround or to the change in the dark phase. These two variables CoU 
not be isolated on the apparatus using a 1:5? test object. However, on retesting J? 
8 quadrants which had originally shown P patterns, with a 3:6? test object and a dar 
phase of 1:9 ml. but without the dark annulus, a deviation from the P pattern wee 
not recorded in a single instance. N 

In view of the findings of Alpern & Spencer (1953) it was considered advisable t9 
control the pupillary response in a further investigation. Fusion frequencies were 
determined for 6 subjects under the standard conditions of surround and stimulus 
luminance and with test objects subtending 45', 1-5? and 3:6? of arc. Three of the 
subjects (showing 8 C and 4 P patterns originally with a 1:5? test object) were teste 
2 hours after their pupils had been constricted with eserine, and 3 subjects (showin 
4 C and 8 P patterns originally) were given homatropine 2 hours before testing: 
Results are therefore available for 24 quadrants in all. 


TABLE IV 


EFFECT OF CONSTANT PUPILLARY SIZE ON THE FLICKER PATTERNS 
OF 6 SUBJECTS FOR 3 SIZES OF TEST OBJECT 


Standard 
response 


I2 


From the data of Table IV, the two contrasting patterns of flicker response 


: ; ` s th 
be seen to survive abolition of the photo-pupillary reflex. A slight shift toward: nly 


à o 
C-type of pattern can, however, be detected with the 1:5? test object. For not 


is the incidence of reversal from P to C patterns (33:3 per cent. 


may 


) higher than of 


itas 


manas a aa 


—— 
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retesting under standard conditions (24-4 per cent.) but the frequency of change from 
C to P patterns is at the same time reduced (8:3 per cent. against 14-8 per cent.). This 
trend in favour of the C-type of flicker perception is accentuated with the 45' test 
Object. Thus half the quadrants originally showing P patterns have changed to the 
other pattern, whereas no deviation away from the C-type of response is recorded. 
A shift in the converse direction occurs with the test object of 3-6° angular size. For 
33:3 per cent. of C patterns are changed but all the P-types of responses are reproduced. 
No association between any one kind of pattern reversal and specifically either miosis 


or mydriasis was observed. 
IV 
DISCUSSION 


* Contrasting relationships between the flicker fusion frequency and eccentricity of 
E imulation can be observed in a large group of individuals over a range of test objects 
E tending from 45'-3:6? in angular size when a photopic level of surround luminance is 
Fane. However, as anticipated from previous work, differences in the pattern of 
Icker perception are largely if not entirely resolved when testing is conducted against 
a dark surround (o:00118 ml). Both of the contrasting photopic response patterns, 
and more especially the P-type of flicker perception, appear to lack real stability. 
E ee a pattern reversal occurs in about 21 per cent. of quadrants when the test and 
T est conditions are identical. Nevertheless the two-tail probability that the retest 
5 Sults conform to the hypothesis that C and P patterns are equally likely to be 
*corded on retesting, is only 0-0004 in the case of quadrants originally showing C, 
and o-oor for quadrants originally showing P patterns of flicker perception. An 
explanation must therefore be sought for the occurrence of two relatively reproducible 
3 Inds of flicker response under constant photopic experimental conditions in subjects 
vho almost uniformly give increased thresholds with greater eccentricity of testing 
On brightness discrimination and other tests. 
A It is unlikely in view of the similar anomalies of flicker perception reported in 
a dies employing light from filament sources that the present differences of patterns 
es the direct result of the characteristic wavelength distribution of the light emitted 
a the fluorescent tubes. Similarly the roo c.p.s. alternation of the surround illumina- 
lon is most probably of no immediate consequence for the origin of these patterns. 
9t only is this frequency well above the maximal flicker fusion frequency observed, 
ut it may also be doubled to 200 c.p.s. (by suitable arrangements of capacitors) 
Without giving rise to changes in the contrasting flicker patterns of 2 subjects. Finally, 
Particular attention was directed to the possibility of interference with flicker percep- 
tion from “beats” between the residual source and intermittence frequencies, but no 
evidence whatsoever for such interference could be detected. None of the test 
Conditions specific to the present investigation appear to account therefore for the 
Occurrence of the contrasting flicker patterns. 
The interpretation advanced by Alpern & Spencer (1953) to explain the depressed 
Central fusion frequencies with relatively intense and perhaps also large test objects 
against a dark surround, makes reference to the more marked photopupillary con- 
Striction with central stimulation. Differential activation of this mechanism can 
Dot, however, be adduced to account for the origin of the two distinct patterns under 
the Standard phototopic test conditions. For higher c.f.f.s in the periphery than in 
direct vision may still be recorded after the photopupillary reflex has been abolished, 
and in fact are observed relatively more frequently in the case of large (3:6?) test 
Objects when the pupillary size remains constant than when the photopupillary reflex 


1$ intact. 


180 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


This study gives some evidence of the greater prevalence of C types of response 
with small (45’) test objects and of P patterns with large (3:6?) areas of intermittence— 
although the pattern shift is by no means complete with either size of stimulus. This 
finding accords in general with the results of Granit & Harper (1930) for dark surrounds, 
and of Riddell (1936). The exact value of the background luminance employed by 
Riddell in obtaining the relevant results is not given, but may be calculated to bea 
little above o-1 ml. It is also noteworthy that Creed and Ruch (1932), who reported 
higher c.f.f.s in central than peripheral vision, employed on intermittent light sub- 
tending only 12’, whereas Phdflips (1933) and Hylkema (1942) found the reverse 
pattern of flicker perception on presenting areas of 1:5? or greater. 

The results of Lythgoe & Tansley (1929), namely higher peripheral c.f.f.s with à 
1° square test object, and of Hecht & Verrijp (1933), namely the reverse pattern with 
a 2° area, do not conform to the principle that areas of intermittence greater than 
about 1:5? are associated with maximal fusion frequencies in the peripheral field. 
Since in both studies the luminance of the test object at fusion was equated with that 
of the photopic surround (whereas the other authors referred to have presented stimuli 
of greater intensity than the background) stimulus size may have a different effect 
on the flicker pattern when the surround and test object are of equal luminance. This 
interpretation is supported by the reversal shown by 2 out of the 3 subjects investi- 
gated by Lythgoe & Tansley from P to C patterns of responses when tested with an 
object of the same size and luminance but against a surround luminance reduced from? 
equality with the test object at 8-4 ml. to 0-93 ml. E 

At any rate it appears evident from the findings that the same pattern of fid 
response is not shown consistently by all individuals nor in both the eyes of a singe 
individual under certain test conditions which involve a photopic level of surroun 
luminance. Individual differences were also marked in the investigation of Lythg0¢ 
Tansley under photopic conditions although these authors do not report instabili y 
of the response in time. It may well be that uniform patterns of flicker perception 
could be recorded with sizes of test object larger than 3:6? or smaller than 45°- H 


contrasting response patterns with a 1:5? angular size of test area could then be related 


a 


to individual differences in the transition point between C patterns with small, et 
P patterns with large test objects. The basis for such differences (already gee o 
s 


by Granit & Harper, 1930, against a scotopic level of surround luminance) 1 dis- 
known but may, perhaps, be attributed to individual variations in the relative, E 

tribution of the rods and cones. Confirmation for this hypothesis could be obta d 
from a comparison of flicker pattern and extent of perimetric field for coloured Garn 
The present findings likewise do not contribute towards a further explanation op cts 
emergencė of higher c.f.f.s in the peripheral than central field with large test obje 


against a photopic surround. 
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MISCELLANEA 
THE BAR-PRESSING RECORDER 


BY 


J. R. TROTTER 


From the Institute of Experimental Psychology, 
University of Oxford 


The simple weighted bar, as commonly used in bar-pressing experiments with rats, 15 
shown schematically in Figure 1a, together with its force-displacement graph. The 
possible modes of pressing the knob, and the reactions of the bar are described in a previous 
paper (Trotter, 1956). The simplest and probably the most common way of recording the 
rat's behaviour towards the knob is to count the number of times a maximal displacement 
has occurred. The usual name for this variable is “number of responses." Data on the 
intervals between "responses" may be obtained by recording each "response" on a 
kymograph. Skinner (1938) used a cumulative trace whose slope indicated "frequency 9 
responses." These systems deal only with maximal displacements. Ifa stylus is actuate 
by the knob a trace may be made showing the magnitude and the duration of any displace- 
ment, whether maximal or smaller. The last System provides all the data which can 
possibly be obtained from the simple weighted bar. 

. The deficiency of the simple weighted bar, no matter what recording system is used, 
is that it provides meagre data which, owing to an ambiguity of the term "response," have 
Sometimes been misinterpreted. In the previous paper a new device, the force recorder 
is described. This provides a temporal record of force applied to the knob. Using 
terminology of the previous paper, the force recorder gives a record of output, and Er 
simple weighted bar provides a selection of data concerning the result. 

The force-displacement graph in Figure 1b shows that the equation of motion A 
knob (assuming a frictionless bar of negligible mass) is x = Cf. This equation applies 
under any conditions of position and downward force on the knob A press on the 
consists of a single phase, and is a mechanically simple event. The. raph in Figure I4 has 
a discontinuity at f = W, indicating three equations of motion:— T" 


(1) (f< W) steady state.. x =o. 


O (ox  . x x y ff € — Wat. at. 
(3) (£2 W) steady state .. x= s. 


A press may thus consist of five distinct phases:—Initi ifti holding 
phase, lowering phase and final phase. There are two € a “recorder E 
a priori preferable to the simple weighted bar:—A press on the HE iia isa mechanically, 
and physiologically simpler event than a press on the latter; the former gives i 
complete and more useful data on the record. yrs EE in£ 
However, during the last 20 years hundreds of experi med usi” 
the simple weighted bar. Experiments using the Dans ores aen competat à 
with these because of the difference in mechanical and physiological events Tor the 52 
of continuity of research a combination of the two instruments S required a device whi 
simulates the simple weighted bar, yet provides the full da d : order: 
Figure Ic shows the principle of the bar-pressing recorde: 


ta given by the force te three 
equations of motion, indicated by graph Ic, are:— T used by the writer. 


(1) (f < W) steady state T x — Cf. 
(2 ((W<x<s+Cw ss = & 

) ( ) x + aft - dt. dt. 
(3) (f2 W) steady state .. Xx =s 4 Cf. 


Since C= 1 mm./100 gm., and s = 1 cm., Cf is negligibly small compared with s, for un 
force used by a rat, and the force-displacement graph approximates to that of the sim. 


| 


MISCELLANEA i$3 


weighted bar. By the use of a lightweight capillary pen the resonant frequency of the 
knob is raised to about 40 c/s, so the knob can follow the quickest variations of force which 
can be expected. The knob is rigid laterally. Movement of the bar is made almost 
noiseless by means of padded stops, at the expense of slightly rounding the corners of the 
force-displacement graph. 


FIGURE 1 


Some bar-pressing devices and their force-displacement graphs 


(a) Simple weighted bar. (b) The force recorder. (c) The bar-pressing 
recorder, a compound of (a) and (b). 


The bar is centrally pivoted and the angle of rotation is presumed negligibly 


small. W = weight, C = compliance, s = maximal displacement, x — dis- 
placement, f — force applied vertically downwards. 


The specification of the bar-pressing recorder is as follows :— 
Situation. The experimenter may fix the force required to move the bar at ay 
Multiple of 5 gm. up to over 100 gm. by means of a set of weights. Any movement of the 
ar breaks number 1 contact, and a maximal displacement makes number 2 contant 
ndependently of movement of the bar, any applied force exceeding 2-3 8m. (nominally 
zero) breaks number 3 contact, and at any force chosen by the experimenter by HE a 
Pointer on a scale number 4 contact is made. Any of the contacts may be used to operate, 
Stop or reset a rewarding device or a sensory stimulator. i E 
. Output, A temporal record of vertically applied force, up or down (with negligible 
disturbance by movement of the bar) on a scale of about 1 cm./50 gm. 
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i ard or 
Result. A temporal record of displacement of the bar, and of delivery of rew: 
sensory stimulus. 


graticule with appropriate vertical and horizontal divisions. 


i ansparent | 
Sample records are shown in Figure 2. Records are measured by using a transp: 


FIGURE 2 


R "vu m. 


Stimulator 


n ia, 
(a) W = 50 gm. (b) W = 20 gm. 
No. 1 contact resets the rewarding device. 


(x = O). 
No. 2 contact operates the rewarding device. (x =s). 
No. 3 contact resets the stimulator. (f 20). 


No. 4 contact operates the stimulator at:— 
(a) f = 3o gm. (b) f — 7o gm. 
In brief, the bar-pressing recorder simulates 


: but 

(to the rat) a simple weighted panied 
provides data on the physical properties of behaviour which the latter can not, an 3 
have been neglected by investigators. 
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A Note on the Paper* by Richard A. Littman and 
Edward A. Wade entitled “A Negative Test of the 
Drive-Reduction Hypothesis” 


BY 
J. A. DEUTSCH 
From the Institute of Experimental Psychology, University of Oxford 


_ Littman and Wade’s conclusions in their article appearing in Vol. 7 (pp. 56-66) of this 
journal should be viewed in the light of the fact that Coppock (1950, 1951) reports a very 
Similar experiment with a contrary result. A comparison of the procedural differences in 
these experiments is valuable as they may have an effect on some of Littman and Wade's 
conclusions. 

Coppock used 8o rats. These were clamped into a snugly-fitting crate with head and 
neck protruding. Their tail was then shocked by the application of alternating current 
Once per minute for 5 seconds. The illumination was blinked for 20 rats for 1 second, } a 
second before the end of the shock, for another 20 rats, at the termination of the shock and 
for another 20 rats, 2 seconds after the end of the shock. The remaining 20 animals were 
given no blink. All the animals were given 30 shocks on each of three successive days. 

During three 30-minute test periods a photo-electric relay blinked the light as long as 
the head position of the animal in the training apparatus was more than 22 degrees off 
centre. Half the animals in each group were reinforced when they turned to the preferred 
Side. The other half was rewarded on the non-preferred side. 

Significant group differences were found only for animals reinforced only on the non- 
Preferred side. There was a greater total duration of holding the head in the “reward” 
Poon in the group for which the light had coincided with the end of the shock (P = 0:02 
E this group is compared with that for which the blink had preceded the end of the 
b ds and P = o-or when it is compared with the group where there was a 2-second gap 

etween the termination of the shock and the blink). This result tends to substantiate the 
Prediction from Hull's theory as stated by Littman and Wade. 

e “a Littman and Wade's experiment the animals were placed in a completely dark tube 
iron vr are left to infer). The animals in the experimental group (N — 7) were shocked 
EU gh the tail by the administration of alternating current for half a second. A tenth of 

i urs later, a light was shone at the rat for one second. 
the is the test situation, the animal was placed in an illuminated Skinner box. Above, 
uh MS in this box was the milk-glass Screen through which the light has been directed 

ae ne animal s eyes in the training sessions. The animals did not differ significantly 
GEH eir controls in failing to acquire the lever-pressing habit which would have produced 

e light for them. 
dn SER are two differences in these two experiments deserving attention. The first 
We ves the use of light in an experiment involving electric shock, and the second the 
Tum of the animal from the original situation to test the effectiveness elsewhere of the 
tes ary reward, ifany. Itis to be noted that Coppock blinked a light in his experiment; 
een and Wade switched it on. There is the general point that Littman and Wade's 

i st nay have been mildly punished by this procedure. The mild punishing effect of this 

T 1 may have swamped any secondary-reward value which it may have acquired. Cer- 

do y a test of the assumed initial neutrality of the stimulus should have been made. 
n ere is the more particular point which involves the use of a light as a stimulus in an 
penne involving electrical stimulation. The retina is extrenely sensitive to electrical 
Reon and the production of electrical phosphenes during the shock would mimic just 
E e kind of diffuse visual stimulation used at the termination of the shock by Littman 
EIS Wade. This presents a possible source of experimental error and one which Coppock's 

€sign to some extent avoids. 
c The second point concerns what has been called "'trans-situational" reinforcement. 

Oppock tested his animals in the same apparatus as he trained them. Littman and Wade 
Shift their animals along with one aspect of the training situation. We do not, of course, 


*(Quart. J. exp. Psychol., 7, 56-66, 1955) 
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know how far a rat would be able to identify this same light under the conditions of general 
illumination. However, Littman and Wade, if they can show that the degree of resemblance 
was sufficient, may claim that they have shown in conjunction with Coppock's study that 
any secondary reinforcer acquired in this situation is not "'trans-situational" This may 
very well be the case where fear has been the motivation, but their experiment has not 
even demonstrated this. 

To draw this conclusion we should first have to establish that the light has secondary 
reinforcing properties in the training situation itself and as has been argued above, there 
is some doubt about this. However, a test of this possibility would make an interesting 
experiment. 
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Reply to the Note by J. A. Deutsch 
BY 
RICHARD A. LITTMAN and EDWARD A. WADE 
From the University of Oregon and Tufts University 
Deutsch has made four criti 


another deals with an alleged 
suggests that the light stimulu: 


cisms of our paper, one is based on the work of Coppock; 
interaction of electrical and photic stimulation; à third 
iat ae $ Phas n: properties which we did not satisfactorily 
rol; , ourth suggests that the mode of testing was i a i We sha 
consider these in reverse order. denm. us 
. Nes oo Itisstill the case that Hull's formulation permits a. "trans-situational" 
est condition. 1s matter was considered in the original i igation, an 
Deutsch has not shown the reasoning fae ate ee 


to have been faulty. Instead, he has objected to the 
procedure because we do not guarantee that the training and test situations resemble one 


: another. It is startling, to say the least, to see a defence of Hull couched in terms O 
: resemblance” or an identification process." Hull's explicit formulation of stimulation 


deduction, as theorems, in his system, © 


Phosphenes and Shock. This criticism is two 
shows that electronical phosphenes are generated d 


ever, that in all his work, Motokawa placed the electrodes on the head. Whether a shock 
to the tail would generate phosphenes is simply not known; it, too would make an 
interesting experiment. But, it is hardly fair to criticize a procedure onthe possibility 
that something about which no one knows anything might be true. More important, 
however, is the fact that Coppock is in the same predicament. According to Deutsch, 
phosphenes-shock interaction is something which his “design (only) to some extent 
avoids." If, then, Coppock is subject to the same errors, his data cannot provide ? 
legitimate basis for criticism. 

Light as Aversive Stimulus. It is pointed out by Deutsch that the light stimulus We 
used shone steadily for the full interval; in contrast, Coppock used a blinking light. The 
implication is that a blinking light is less “punishing” (aversive) than a continuous light: 

It is difficult to know just what the nature of the punishment from the light is suppose 
tobe. There is no reason to believe that a steady light is more distressing than an inter- 
mittent one; indeed, for equal brightness, flicker may likely be more distressing. What iS 


-Pronged: Motokawa's data certainly 
uring shock. It should be noted, how- 


or 


* 


c. COME omen 


MISCELLANEA 187 


more likely as a factor is the brightness of the light; while Coppock is not clear as to what 
his “shielded light" is, ours was probably brighter (though of the same wattage) since it was 
placed within a reflecting cone which doubtless served a condensing function. 

However, while we did not have a pre-training control of the neutrality of the light 
(neither did Coppock) Group V serves the same function. If the light were aversive, then 
during the test situation this group's operant level should have been depressed. Had it 
been depressed Deutsch's point would be more cogent; as it turned out, Group V actually 
ran a slightly higher rate though not significantly so. 

Coppock's Research. We shall assume that neither Coppock's work nor ours is seriously 
endangered by the last two criticisms. We did not discuss Coppock's results in our paper, 
because they are ambiguous at best and, one would think, negative at worst. Here is 
why: Hull speaks of an interval of “20 seconds or so." For Coppock all six conditions, 
preferred or non-preferred by preceding, simultaneous, or following, were within this range. 
Assuming that the ''following" conditions should, at the very least, yield significant 
results, we have only one out of two actually turning out that way. This becomes only 
two out of four in favour of the hypothesis, if we consider why the non-preferred rather 
than the preferred showed an increase in relative frequency. The interpretation of the 
results is therefore most difficult. Coppock's (1954) subsequent research is in the same 


‘negative direction as far as drive-reduction theory is concerned. If Coppock's results and 


ours are totalled up, the preponderance for all conditions is against the hypothesis. 
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